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ABSTRACT

The tryptophan repressor protein regulates intracellular concentradf
Tryptophan irEscherichia coli by binding to DNA operators and is activated in the
presence of high L-Trp concentration by formation of an L-Trp-boundfepieessor. A
Leu to Phe mutation at position 75 generates a temperaturexsemsittant of TrpR,
L75F-TrpR, whereas an Ala to Val mutation only two residue positiorieer on the
protein sequence, at residue position 77, generates a super-repressur ahlirpR.
Backbone amide dynamics studies on TrpR and the two variants ‘eSihVIR
relaxation techniques at a magnetic field strength of 600 KHzLarmor frequency)
indicate that all three repressors exhibit comparable diffusion piegeimplying that
they exhibit very similar global shape, structure, and rotatiorflsthn properties in
both apo- and holo- states, in solution. However, internal backbortke atynamics of
the three apo-repressors reveal small but significant diffeseimcflexibility, which are
found primarily for residues spanning the Helix-Turn-Helix DRivding domain. These
results indicate that the fine-tuning of L-Trp binding interacteomodulated in different
ways via small but significant changes in protein flexibilitythe two TrpR variants in
apo and L-Trp bound forms.

Sulfolobus solfataricus, a model organism for Archaea, lives in extreme thermal
and acidic environments such as the hot springs of Yellowstone NalRargl andis
host to diverse archaeal viruses includgutfolobus spindle shaped virus-1 (SSV1) and
Sulfolobus spindle shaped virus-Ragged Hills (SSV-RH). SSV viruses exbibiarkable
morphology and genetic diversity, but are poorly understood as marmgngrencoded
by their genomes have very little sequence homology to protekisowfn functions. We
have performed detailed backbone dynamics studies to better undetistgamode of
ligand recognition by E73, a 73-residue, homodimeric protein encoded \88\WnRH
genome. Analysis of backbone dynamics measurements obtained for E73 frovide
evidence for fast time scale dynamics in the proposed nucleickanding site and
motion on the microsecond to millisecond time scale in the loop congdetlicesoa
ando.
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INTRODUCTION

Protein-nucleic acid interactions are responsible for the reguladf key
biological functions such as transcription, translation, replication, raodmbination.
Transcription factors (TFs) are the proteins involved in regulatiogeak expression.
They function through activation by coactivator ligand moleculevad by recognition
of specific DNA sequences. In this sense, protein-ligand réiog is a central process
in TF function. The mechanism of ligand-recognition by TFs has be@rcus of
research for several decades primarily due to the stricttemance of regulation profiles
of gene expression these proteins can achiev@. (Particularly interesting is that these
proteins are not isolated entitissvivo and rather interact in a spatially and temporally
controlled manner with their respective binding partners. Over tke fpav decades
experimental and computational techniques have been developed thagkhed lthe
mechanisms of these interactions. Our understanding of molecudgnitian is still far
from perfect. Moreover, an understanding of how TFs perform ligacagnition in
terms of both structure and dynamics is incredibly challengingbtain because, one,
these interactions are controlled by a complex array of ialeoular interactions and
two, the experimental observables are an ensemble average yofapaily exchanging
states as observed from the methods typically used to study these systems.

The complexity of interactions between proteins and targetomlele is often
determined by the considerable flexibility of the protein bindsigs and by the
structural rearrangements that occur upon binding of the associatecuraolA goal of

many biophysical studies is to determine the molecular faitwascontrol biological
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interactions and to use this information to rationally manipulateejordunction by
modifying the protein, the interacting ligand, or both. One of thgdsigdeterminant
forces that control protein behavior is its flexibility and contrdle tlynamics of
intermolecular interfaces which can further regulate bindifigigf and specificity in

molecular recognition.

The Tryptophan Repressor

The E. coli Tryptophan repressor (TrpR) is one of the smallest (25 kDa), buhdisé
studied regulatory proteins known to us. It exists as a symaethimer that binds to
operator DNA in the presence of L-Tryptophan (L-Trp). Its functi®rto regulate
transcription of genes that control L-Tryptophan (L-Trp) biosynthesithe cell. The
activity of TrpR is modulated by intracellular concentrationt®fcofactor L-Trp in such
a way that when the cell achieves high levels of L-Trpjnhetive, unliganded form of
the protein (apo-TrpR) binds to two molecules of L-Trp, which resultise active form
(holo-TrpR) which can in turn bind to specific operator DNA sequencémgerto the
biosynthesis of L-Trp, thereby preventing transcription (Figure Mlamerous studies
have indicated that the intrinsic flexibility of this protein @agn essential role in its L-
Trp and DNA recognition properties. Yet, the mechanisms byhumictional dynamics

mediate its binding properties have remained to be incompletely characterized.



GEMES ARE ON GEMES ARE OFF

Figure 1. (A) TrpR Functions As A Transcription Factor (Figure AdaptethF
Molecular Biology Of The Cell. 4th Edition) (B) Three-Dimensional Structures Of TrpR
Solved By X-Ray Crystallography (PDB ID:1P6Z) (Left) And Nuclstgnetic
Resonance Spectroscopy (1IWRT- Only One Model Structure Shown) (Right).
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TrpR needs L-Trp to function. In the absence of L-Trp, the apo-sprdssplays
low affinity for DNA. Upon binding of two L-Trp molecules per diméne repressor’s
binding affinity for operator-specific DNA of several operongaesible for the uptake
and biosynthesis of L-Tryptophan and other biological molecules is enhanced
significantly. The operons regulated by TrpR include trpEDCH#e DNA operon
coding for metabolic enzymes necessary for tryptophan biosynthgsis; the gene
coding for the tryptophan repressor protein; and the aroH and mtr operons coding for
enzymes for aromatic amino acid biosynthesis and methyl tryptopésistance,
respectively %-8). The nucleotide sequences of these DNA operator regions share
similarities but are not identical. One of the requirementsT'fpR function is that the
repressor be able to bind DNA with high affinity in response tantbtabolic needs of
the cell, and to interact specifically with DNA operator sequertoeensure correct
selection of the DNA operon(s) whose transcription must be regkesskey to TrpR
function thus involves biophysical characteristics that permit tleuhation of the
repressor’s binding affinity for DNA, specificity, and stoichidmye (i.e. number of
repressor dimer molecules bound per DNA equivaler¥s)1Q). For TrpR, these
properties are modulated by the binding of the L-Trp co-represduch acts as an
allosteric effector that alters the repressor’s affiridy DNA via the protein’s L-Trp
cofactor binding sitesl(, 11, 12, 13).

The magnitude of the effect of L-Trp binding on TrpR is dependent on the
identity of the DNA sequence and on whether the DNA is an opevatoon-operator

sequence 9 14, 15). Studies have demonstrated that L-Trp modulates repressor
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specificity and not solely affinity, and that both the L-Trp epressor and the cognate
DNA operator function together to achieve repressor activation. fi@pressor function
does not originate solely from an increase in affinity of the hejwessor for DNA but
rather is modulated by an interplay between affinity, spetyifiehd cooperativity. These
unique characteristics arise from both the intertwined structutfeecfrpR protomers in
the TrpR dimer, and the extensive flexibility of the TrpR prot#s).(

TrpR consists of two identical 108-residue polypeptide chald¥ that fold
together to form a homodimer. Structural studi&s-40) have shown that each TrpR
monomer is comprised of @-helices, helices A through F (Figure 1b). Helices A, B, C,
and F of the two protomers come together to form the hydrophobecatathe TrpR
dimer, while helices D and E comprise the helix-turn-helix DNAdinig domain of
TrpR. The solution NMR structures of WT-TrpR in its apo form haxealed that the
helix-D-turn-helix-E DNA binding domain of TrpR in solution is moreaidered than in
the crystalline statel9, 20) (Figure 1b). DNA binding upon activation of TrpR by L-Trp
co-repressor binding is thought to take place via a sequential rgyd#rithe protein’s
helix-D-turn-helix-E DNA binding region, as inferred from the prese of additional
intrahelical*H-*H NMR nOe connectivities within the helix E region upon formation of
the holo TrpR repressor, which are not observed in apo-T@iR @nd by the
observations of slower backbone amide prdtdfiH exchange rates and changesHn
NMR relaxation time constant@X-24). Similar effects are observed for helix D when
holo-TrpR binds to DNA operator sequencgS)( TrpR thus represents an interesting

system for structural biology as this protein is extrentedyrhostable (f of ~90°C with
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a free energy of folding of 23 kcal/mole per dime2p,(27), yet possesses a highly

dynamic structure whose flexibility appears essential for funcBii24, 28, 29).

The Temperature-sensitive Variant, TrpR-L75F

Due to the potential of temperature-sensitive (ts) mutants ellal wdditional
insights into the relationship between TrpR structure, stabilityf, dynamics, a genetic
selection for such mutants was conducted and resulted in the isabaohrpR mutant,
apo-L75F-TrpR where leucine 75 was replaced by phenylaB@)e (This ts mutant of
TrpR was identified and selected using a irgR coli strain transfected with
hydroxylamine-treated plasmid pBKH13 DNA bearing th#ER gene 81). The resulting
transformants were selected for growth in the presence ottytngptophan (5-MT) at
42 °C and altered growth at 3T (30). 5-MT is an analog of L-Trp that binds to apo-
TrpR ~twice more tightlyX2), and results in a 5-MT/TrpR pseudorepressor that binds to
operator DNA ~10x more tightly than holo-TrpB2( 33). 5-MT cannot substitute for the
amino acid L-tryptophan during protein synthesis, and as a eesudli cells transfected
with a functional TrpR starve for L-Trp when grown on minimaldmecontaining 5-MT
instead of L-Trp. In contrast, E. coli cells containing TrpR mutasiish contain amino
acid substitution(s) that alter or interfere with TrpR’s repoegunction survive when
grown on minimal media containing 5-MT because the trpR operondh&bts L-Trp
biosynthesis is derepressed and provides L-Trp necessary fgraweth 30, 34). DNA
sequencing of the TrpR mutant displaying the ts phenotype desatioee resulted in
the identification of a ts mutant of TrpR containing a single pwiatation at residue

position 75 at the C-terminus of the first helix of the helix-turlixhmotif, with leucine
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75 replaced by phenylalanine, and referred to as L75F-T3pR To verify that the ts
phenotype was due only to the mutation at position 75, the coding sequence for L75F was
subcloned into pJPR2 vector35) that could produce high non-regulated levels of the
L75F-TrpR variant. The phenotype of trpR coli cells transfected with the resulting
plasmids (pJPR2.L75F) using the 5-MT temperature screen wagaldntthat of the
original isolate, i.e. growth at 4Z (which we refer to as the permissive temperature)
with altered and weak growth at 3T (which we refer to as the non-permissive
temperature) as the origingl coli cell screen 30). These results indicated that the
repressor function of L75F-TrpR is temperature-sensitive, andhisatariant is a more
effective Trp repressor at 8€ than at 42C (30).

Extensive biophysical and biochemical characterizations of L#pR-Tevealed
that the apo form of L75F-Trpkhdicated that this function is not due to a poorly
structured protein. In fact L75F-rpR exhibits an increase in apparentelicity of ~12
%, a slightly higher urea denaturation mid-point, and a thermaligtatentical to that
of wild-type TrpR B0) (Figure 2). Fluorescence data indicated that the environment of
one or both tryptophan residues of TrpR (Trpl19 and Trp99) is more buried inTtpBRF-
compared to WT-TrpR30) (Figure 2). These data were confirmed'blyNMR and by
detection of slowetH/’H exchange rates for the spectrally resolved indole ringpsot
of the two tryptophan side chains in L75F-TrpR compared to those of dporgR.
Interestingly, it was shown that L75F-TrpR binds L-Trp withagproximately ten fold
lower affinity compared to WT-TrpR (Table 1), and in excesd.-dfrp in vitro, the

holorepressor’s affinity for operator DNA is two to five timesaker 80). It was also
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shown that the specificity of L75F-TrpR for operator versus non-tpeBNA is ~ 2
fold smaller, although within experimental error of what wasasured for WT-TrpR

(30).

The Super-repressor Variant TrpR A77V

Mutational studies on TrpR have revealed that the flexibility amdctsiral
ordering of the DNA-binding domain is affected by slight change amino acid
composition, and lead to significant alterations in L-Trp and DNA hopdiinctions of
the repressor. Early mutagenesis experiments confirmed tixeturakhelix model of
repressor/DNA recognition for TrpRY). In these studies, several protein variants were
isolated, characterized, and later on classified as “supessaps” due to their ability to
repress gene transcription at limiting L-Trp concentrationsre/ the wild-type repressor
is not functional 81). For example, the super-repressor TrpR variant, A77V-TrpR, in
which alanine 77 is replaced by valine, exhibited a 10% incraasmgparenti-helicity
as measured by CD, was slightly more stable to urea detatuithan wild-type
repressor, and appeared to be less flexible than apo-WT-P§R371). DNA binding
studies also showed that the A77V-TrpR variant cannot recognizeliticerhplement of
operator sequences normally accessible to WT-TA3R (It was thus postulated that the
effect of the A to V mutation at residue position 77 is to redtnie internal flexibility of
A77V-TrpR, and that decrease in flexibility leads to a restlicspecificity of the

repressor to a subset of DNA sequen@8s (



~
e’
N

fluorescence intensity, a.u.
Fapp

not
[e]
[
Lo}
V)
>
>

(h
W

A~
(]
-

5600 | ii E

1
 (cal/moVk)

P

A%0n *
HLUU [ H H -

mean residue ellipticity [0], deg em® dmol ' x10*

."‘ , ; : i . -
10 B2 V4 . & 2800 F H H -
Yy / < F / : 1

o3 V4 E C / H
A4 I o

53

[ L75F 5
30 L Lo Lua s ba o a be e le o 0k 4 EPEPEETE BPETETETS EPEETAr B
200 210 220 230 240 250 260 60 70 80 90 100 110 12

wavelength, nm T(°C)

Figure 2. BiophysicaCharacterization Of Af-L75F-TrpRAnd Comparison With Ag-
WT-TrpR: (a) Fluorescence emission spectra. Protein concemnirdf8o7 mM (dimer)
25°C. Each spectrum is an average of five scath excitation wavelength 295 nm; a.
arbitrary units. Spectra 1 and 2 are L75F and -type proteins, respectively, in P
buffer; spectra 3 and 4 are L75F and -type proteins in P11 buffer/7 M GdnHCI. {
FarUV CD spectra. Protein concentration mM (dimer) in P11 buffer at 25°C. (
Urea denaturation. Each point is an average olatdmoen duplicate experiments in P
buffer containing 5.3 mM ptein (dimer) and the indicatech@l concentration of urea
25°C. Fapp, apparent fraction unfolded molecules; filled diamonds, w-type protein;
filled circles, L75F protein. (d) Differential scaing calorimetry. Samples of 73 m
protein (dimer) in 10 mM sodium phosphate buffad (p.5), 0.1 M NaCl were scann
from 20 to 118°C under 6 kg/¢ pressure at a rate of 60°C/hour. (Figures and éi
legends reproduced from previously published re(36))
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Table 1. Thermodynamic Parameters For Binding To L-Trp.

TrpR wild- L75F

type
Temp. Ky AH AG TAS Ky AH AG TAS
(°C) (mM) (kcal/mol) | (kcal/mol) | (kcal/mol) | (mM) | (kcal/mol) | (kcal/mol) | (kcal/mol)
12 0.014 -11.2 -6.3 -4.9 0.1( -10.0 -5.2 -4.8
18 0.021 -12.9 -6.2 -6.7 0.11 -11.4 -5.3 -6.1
25 0.056 -14.7 -5.8 -8.9 0.21 -12.8 -5.0 -7.8
37 0.11 -16.9 -5.6 -11.3 0.48 -16.3 -4.7 -11.6
44 0.31 -18.7 5.1 -13.6 0.71 -16.9 -4.6 -12.3
ACp
(kcal/ -0.23 -0.23
mol K)

Isothermal titration calorimetry experiments were perforrmedP11 buffer. K is the
equilibrium dissociation constant, amds, AH, AS, andACp are the free energy-,
enthalpy-, entropy- and heat capacity-changes, respectivelypriermole of L-Trp
binding per mole of protein dimers. (Data reproduced from previouslyspell report

(36))

Surprisingly it was shown that in vitro, apo-A77V-TrpR and holo (L-Bopind)
A77V-TrpR bind L-Trp and operator DNA with the same affinity pe-&VT-TrpR and
holo-WT-TrpR, respectively3g). This apparent paradox was resolved by Finucane &
Jardetzky who showed, using surface plasmon resonance (SPR) thaf 7ApdrpR
binds to 20 mer consensus DNA at lower protein concentration than de@éTapmR,
and that at equivalent protein concentration, ~ 2x the amount of apo-ApR/-$r
bound to consensus operator DNA than apo-WT-Trg®. (These investigators also
showed that the holo-WT-TrpR binds at a lower concentration to consepsuetor
DNA than holo-A77V-TrpR, although the lifetime of the holo-A77V-TrpRA®

complex is much longer than that of holo-WT-TrpR:DN8®)(
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Taken together, these data suggested that although the substitutien@ha for
a phenylalanine at position 75 is a conservative substitution in a solvent accassldé
the protein, the mutation does not solely result in a minor change in the vicinity okthe sit
of mutation but rather generates non-local perturbations that paswilated to be
dynamic in origin with subtle but important consequences on TrpR sgprésction
(30). However, the detailed mechanisms by which a single point aacidaeplacement
of a residue located on solvent accessible surface loop leads tbaflabges in L75F-
TrpR have been difficult to establish. The data already availf@blthese two mutants
supports the notion that the dynamics features of the helix D-tlimmEa®NA binding
domain of TrpR are a critical source of adaptability that alleevprotein to recognize a
range of operator sequences, while maintaining the abilityje¢otrelosely related DNA
targets. This is in contrast to the initial view derived froma)}{-structures of TrpR that
suggested only the orientations of helices D and E were impdaianperator binding
(17, 18). However, in spite of extensive biochemical and biophysical stofliepR and
TrpR variants, the precise mechanisms by which altered fleyithds to altered TrpR

function are poorly understood.

Research Goals

In particular, the study reported in this dissertation aims tterbenderstand how
changes in backbone flexibility affect the L-Trp binding propeniethe three different
apo-repressors. The two TrpR variants (apo-L75F-TrpR and apo-AfR) were

chosen in part because they are both results of a single conseraatino acid
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substitution in a solvent accessible loop (two residues apart prabein sequence), yet
display opposite phenotypes in terms of L-Trp binding properties aret dohsiderably

from apo-WT-TrpR. Apo-L75F-TrpR has been characterized asratant which at the
permissive temperature of 42 allows cell growth on minimal media containing 5-MT,

while cells producing apo-WT-TrpR starve for L-Trg0). In contrast to the reduced
TrpR function of apo-L75F-TrpR, apo-A77V-TrpR displays enhanced TupBtion and
increased repressor activity and regulation of tiipeoperator in vivo 29). For this
reason, apo-A77V-TrpR has been designated a super-repr@gady.(

In addition, the sites at which a conservative amino acid substitug®ccurred
in the two TrpR mutants (residue position 75 and residue position 77, tresjy@cand
which manifest in very distinct L-Trp binding properties are sepdran the TrpR
sequence by only one residue, and occur on a solvent accessible lmafactthe HTH
domain. Despite their distinct phenotypes, both apo-L75F-TrpR and apo-ApR/
possess very similar biophysical characteristics includinfj0® apparent increasedn
helical content compared to apo-WT-TrpR, and a small increadeemical stability as
implicated from CD and urea denaturation experime8 30, 37), while all three

proteins remain highly thermostable with almost identigabf~ 90°C (30).
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NMR AND PROTEIN DYNAMICS

The internal environment of a living cell is an ever changiagable and as re-
emphasized by recent structure reports, proteins prefer tonstagtion to be functional
and sample several conformations over tidia45). This flexibility imparts them with
an extra ability to interact with other interaction partnehse eginning and end states of
such interactions, which are often unbound (apo) and bound (holo and activaxyaie e
observe by structural analysis but the transient statesharelised and are hard to
capture for a detailed analysis. This makes it difficult tdgoe thorough analysis of
binding kinetics of ligands on the surface of proteins through staldiechniques and
requires the use of dynamics-based analyses to be performeplam true determinants
of the dynamic process under investigation. Moreover, since biochefargalion in
biomolecules invariantly depends upon the transduction of information by
conformational changes. These changes can be very subtle and hard to mardte re
quired by protein in order to fold, bind ligands and perform moleculargreiton to
carry out its function. Therefore, it is imperative to studpaiyics of the proteins and
relate them to structure to get a complete picture of the function.

Developments in biochemical research and state-of-the-ahindéogy have
allowed time-based measurement of kinetic parameters of protemdtions. However,
studies involving them have mostly focused on enzyme kinetics folloted
measurement of turnover rates. Although direct measurement of dpikaliatics has
been made possible by more recent advancements such as biochessgal smotope

labeling, Q-sense and surface plasmon resonance, only a few studielselea able to
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dissect the pathway of protein—ligand interactions and explormtdrenediate steps of
mechanism. This is because the transition states are alawalys populated and the
current techniques are still limited to extract motions in hegolution. This restriction
has, on one side, led to accumulation of a wealth of knowledge aboutrslescale (s
to ms) motions and their mechanisms leading to protein functions, bhe aiher side,
resulted in a scarcity of understanding of how fast timesgaigons (ps-ns) which
encompass rapid loop reorientation, libration, vibration and side chainonstadifect
protein function. Typically, these motions on fast timescales (psordribute to the
entropy of the system where as motions on the slow timegcai®g) include concerted
motions and larger scale conformational changes of the protein molecule.

It is well known that the protein active sites are vulnerable amdute
perturbation in the active site could result in drastic changdweirmnergetics. NMR is
well suited to study such sensitive protein systems and is knowa #opowerful tool
that aids study of site-specific dynamics of proteins on a washge of timescales.
Commonly used experiments and the timescales they are setsifik® summarized in

Figure 3. Dynamics by NMR is a large field by itself gmabvides a link between

structure, function, and thermodynamics. The traditional approach of using NMRyo stud

dynamic properties of a protein system is through relaxationriexpats, which are

discussed in the following section.
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Figure 3. NMR Methods For Protein Dynamic§he above figure shows tl
range of motions measured by Nuclear Magnetic Rasmn Different tim-scale
motion is sensitive to specific Nuclear Spin RetataMeasurement

Relaxation

Relaxation is the property through which spins mettio equilibrium. The
stimulation for relaxation comes from fluctuatinigld surrounding the nucleus. Sir
each spin has a distinct chemical environment afaynthe relaxdon parameters al

affected differently for each one of them. Typigalll;, T, and nOe constants &

measured to derive relaxation kinetics of spinsfiéMR.
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Relaxation Parameters

Longitudinal Spin Relaxation Time Constant, T

The longitudinal relaxation reflects a thermodynamic processhich the net
energy of the nuclei becomes lost due to a transfer with theusidings. Therefore, the
time constant, 1, is the time nuclear spins take to lose their ‘total’ magagtia to
regain their equilibrium magnetization (defined ag)Mit is traditionally called as the
spin-lattice relaxation as was first described in solideséliYIR. The rate of return to
thermal equilibrium can be measured using a 180°-time delay-90°petpesnce. A
180° RF inversion pulse inverts the net magnetization to maximum magaitutg the
negative z axis. A variable time t exists before the subsequésd, in which the sample
begins to return to its equilibrium state. The 90° read puldeeis tsed to re-establish
coherence and read the resultant net magnetization. The build-uputibreum
magnetization, ol can be represented as shown in Figure 4. Following a 90° pulse, the
recovery of bulk magnetization in the equilibrium +z axis can be given by:

I(t) = lo {1 — exp (-/T)} 1)
where I(t) andd are the intensities of a given peak at a relaxation tinreydelnd att =0
msec, respectively; and;Tis the Longitudinal relaxation time constant. The pulse

schemes used for heteronucl&#df°N systems are illustrated in Figure 5.

Transverse Spin Relaxation Time Constant, T

Transverse relaxation refers to the loss of coherence of megrati in the xy

plane. This loss of coherence occurs as the result of the trahsein energy between
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the two nuclei under investigation. For this reason the processoicaled spin-spin
relaxation. Similar to spin-lattice relaxation, loss omhsigover times is an exponential
decay process.

For longitudinal and transverse relaxation, the decay of sigreadsities is fitted
to an exponential decay:

I(t) = lo exp (/) (2)

where T, is the relaxation time constant measured in xy plane. Usisaiyeral (6—10)
time points per relaxation curve are used to determine theatelaxime constants. In
addition to these points, multiple experiments are recorded for 2—3 relaxaaga.del
The T, relaxation time constants are very important to precisely taromhanges
experienced by the spins since they can directly measure igleoity in the field and
can also be related to the linewidths of the nuclear resonance viheh in turn are
representative of the molecular weight of the molecule in solutioa limewidth at half-
height can be expressed in terms p&3:

Av = Aw/2nt = 1/(nT,) 3)
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disseration). (Redrawn fron(46))
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Figure 5 Pulse Sequences Used For The MeasuremertNDfa) T, and (b) T Relaxation
Times, And (C) For Measurement Of TA®N{'H} nOe In Our Studies.47) These pulse
sequences can be thought of (and read) as a schematic piwieirfincreasing horizontally,
rightwards) to perform each run of the relaxation experimentsnairew and wide bars indicate
pulses applied at 9@nd 180 respectively. Phase cycling was used to suppress spedfeadtart
in the data. This was accomplished by acquiring data with ditferdee and receiver phaseés.
represents the phase of applied excitation pulse and x oicgties the position of the receivér.
undergoes variations (cycling) throughout the pulse sequence. Téie dfrgariation is set to
result in the minimization of artifacts after summation led tlata from all of the scans in the
cycle. Gradient pulses were also included in the pulse sshémobtain coherence transfer
selection but are not visible in the plots shown here. Pulses shatniped boxes and labeled as
SL and SCR represent high power pulses (short, ~ 2 ms and long,s;-1@spectively) refer to
spin-lock and scrambling pulses respectively and are includedbt@in higher coherence
selection by dephasing of,8 magnetization. To increment the relaxation delay, T, the loop
counters N (for scheme a) and K (for scheme b) are incremdntedquences a) and b), the T
period is where the variable delay is implemented (invergoavery). The composite pulse in
duration T gets rid of the cross-correlation between dipolar cougimd)y chemical shift
anisotropy by periodic application of 18€€ pulses during the ;Tor T, relaxation period of
duration T. In sequence c), the 120° high-power pulses are applied dueingntire delay
between scans (3 s) at 20-ms intervals, to maintain aasedustate of théH reservoir. For
obtaining the reference spectrum without nOe, the 120° pulsesometted and, instead, two
scrambling pulses of ~10 ms each, spaced by 1 ms, are introducediatety prior to the 90°
>N pulse in order to eliminate the® signal.
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refocusing occurs, (e) the echo at time(ZFigure adopted fron4g))

Nuclear Overhauser Effect (nOe)

nOe is one of the most important phenomena involved in nuclear spinti@iaxa
and is used in protein dynamics studies to gain information about theshignergy spin
transitions that result from extremely rapid motions of the proteolecule. nOe is
directly proportional to cross-relaxatiow, which is a consequence of the dipolar
interaction between th8N nucleus and its attached proton (discussed in detail in the next
section) and is given by:

onn = 1/Th (nOe — L)n/yn 4)

Rearrangement of the above equation suggests that the measureceg@s t®
(1 +6*T4), in which T; refers to the longitudinal relaxation time of il nucleus. Most
NH bond vectors in the protein undergo slow molecular reorientatitmrespect to the
static magnetic field, which results in a high valuesoHowever when regions of the
protein are flexible these NH bond vectors experience rapid nétien leading to a low
o value. When measuring the nOe of°Hl labeled protein, one sees both positive and
negative values which convey local flexibility of NH bond vectors witie structure.

The lower the nOe value, the more flexible the NH bond vector is. eMdancements
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were determined as the ratio of signal intensitiethe proton saturated (Figure 7b) ¢
no saturation experimen
NOE = (ka)/ (leq) ©)
where L is the intensity of a peak with proton saturatioml 4 is the intensity withou

proton saturation.
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Figure 7. RestoratioMechanisms In RelaxationOe Experiments: (a) Population al
energy levels of a twepin system. (b) Populations of the levels immetiyatollowing
saturation of the S transitions. (c) Relaxatiorhpatys immediately following saturatic
of the S transitions. Wand W, represent probabilities of double and zero quarspin
transitions respectively. (Redrawn fr¢(46))
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Mechanisms Of Relaxation

The two mechanisms that give rise to relaxation are Chestdalnisotropy and
Dipole-dipole interaction as described below. Besides these, #ne also other factors
contributing to relaxation such as scalar interaction, cross abored, paramagnetic

relaxation and chemical exchange.

Dipole-Dipole Interactions

There is a magnetic dipole associated with each spin ¥2 nggli@awhich varies
with the orientation of the bond vector connecting a spin pair. Eachreggnber induces
a field on the other which fluctuates with the molecular motion aretnial structural
rearrangements. This gives rise to fluctuations in magnetid fvhich can induce
relaxation of that spin. In our studies, relaxatiorttéfand*>N spin % nuclei has been
used to derive motions experienced by the bond vector relating thente Hthe
contribution to relaxation in our measurements comes from a dipgmidedinteraction
between'H and*®N nuclear spins. In addition, tH&N nucleus induces a field ové
which fluctuates over time and this fluctuation in field can indetaxation of->N spin
if frequency of fluctuating field matches it (Figure 8helfield induced by one spin over

the other is given by

Baipole (t) =—1— (3c0s26 () — 1) (6)

2w r(t)3
When 6 = 0, Biipole Is at maximum and the dipole field is zero witen 54°.
Molecular tumbling changes the relative orientation of the tpioss resulting in a
change of Bpoe This in turn changes the energy associated with this additfieal

which is obtained from
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E = hw/2r = (W21)ysBdipole (7)
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Figure 8. Dipolebipole Coupling. The magnetic field generated by the anmidiegen
generates an additional field,gpole at the amide proton. The strength of this fi
depends on the relative orientation of the two spas illustrated by the gray cresc
shapes. (Figure redrawn fr(48))

Chemical Shift Anisotrog

Every spin on the protein is present in a distaemical environnnt. This could
be due to heterogeneity in the electron densitiridigion, variation in shielding due
movements of electrons and the orientation of fhe with respect to the molecule. .
the molecule tumbles, variations in the chemicairenmentgive rise to fluctuations i
the field surrounding it that can induce relaxatadrthe spin states t¢ The chemical
shift anisotropy is illustrated in Figure 9, whehe different local magnetic fields of t!
nuclei in an anisotropic -H bind is showras a function of orientation with respect to

applied field, B.
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Figure 9. Origins OfChemical Shift Anisotropy In An -H Bond: The circulation ¢
electrons in a plane perpendicular to the bondriesca smaller area than circulatior
a plane containing the bond. (Redrawn fi(46))

As depicted in the figure, the origin of the cheahishift is that the moving electr
chargs of the electron cloud around a nucleus inducecal Imagnetic field whic
opposes the applied field. Thus, the effectivelfa the nucleus i
Beft = Bo (1 - )

The nucleus is said to be shielded, and the extieshielding is given by the shielg
constant, better known as the chemical shift tenc. There are three princip
components of the shift tenso11, 622 andoss, and the isotropic shift tensois, IS given
by:

Giso = (1/3) ©11+ O22+ ©33)
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The shift tensorg is related to Larmor frequencyy, as follows:
wo = (y/21) By (1 - ©)
and to chemical shift:

§=10 (oref - Gsamplg

Spectral Density

Molecular motions can be exceedingly complex. Hence, the ralaxadata
obtained can be encoding information from several timescales @drmdtterpretation
of relaxation data in physical terms thus involves derivation aftsgdelensity functions
as the primary step to obtain accurate information about the prexabdénootions at
each frequency. In simplified terms, spectral density can beedefais a measure of
power at a particular frequency that is available from theosnding of each nuclear
spin to induce relaxation in a spin system and there for the abéetrsity plots against

frequencies can identify strong frequency variations from weak freqwaniegions.

Spectral Density And Autocorrelation Function

Molecular tumbling can be thought to affect the memory the spinohdke
environment it was in. This memory can be accessed through tiedatomr function.
The correlation function tells us how similar a parameter of yates is at time t to the

same parameter at another time €.+

C(r) = (1) f(t + 1) (8)
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where the terms under bar represent the average field exqeatiby all the spins in the
sample as a function of time. The orientation of ‘fiNe-"H bond vector changes as the
molecules tumbles in solution due to Brownian motion. The magnitude afhtrege
depends on how fast the molecule tumbles. The simplest form ofatmmefunction for
a molecule undergoing tumbling, €¢{s given by
C(tr) =C(0) exp(-tl/rc) 9)

Wherer. represents the correlation time (or the ‘overall’ tumblingedime. the
time the diffusing molecule takes to reorient itself in thmegosition in the three
dimensional space. In other words, the correlation function describeatéh€li;) by
which an induced dipole moves in solution and the correlation time, essentially
measures the time for a molecule to tumble 1 radian in anstidime A large correlation
time suggests slow tumbling of a molecule in solution. The cowaldime is often

described for diffusion on a solvent by the Stoke-Einstein equation as:

Te= 4mr® (10)
3kT

wheren represents viscosity of solvent, r represents the effecyrtlynamic radius of
the solute, k represents Boltzmann constant and T represents temperature. The
correlation function is a function of time. So, it can be Fouriersfmed to give a
function of frequency or the spectral density function. Spectral itgegsses an
approximation of the extent of motion present at each frequenc and is denoted as J(

C(z) - Fourier Transform> J(®) (11)

Therefore, in terms o,
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J(©) = 2 (e C(0)/(1 +w’td)] (12)
where ® denotes the Larmor frequency of the nuclear speaiesad/s); the spectr:
density function 1) has significant intensity over the frequency @< o < t*; and
C(0) is a normalization constant whose value cacdiailated from equation (¢
Rapidy fluctuating field has a short correlation tinagd the spectral density m

is broad (Figure 10). Similarly if the field fluates slowly, the correlation time is lor
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Figure 10. Magneti€ield Fluctuations And The Spectral Density Funt: The relationship
between random magnetic field fluctuations, theo-correlation function and the spect
density function is shown. A) The fluctuation in gnatic field for a small protein (grey lin
1. = 1 nsec) and a large protein (black lir; = 5 nse§ are shown. B) Aut-correlation
function depends on molecular weight. Decay isefasdbr smaller proteins. C) Spect
density functions reflect the change in moleculaight. Note that the larger protein ha
greater intensity of spectral density ower frequencies. (Figure taken fr(Fundamentals of

protein NMR spectrosopy by Gordon S. Rule, T. Kevin Hitchens).
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and the spectral density function is narrow. Therefore as thelatoon time decreases
the spectral density is redistributed to higher frequencies.

The spectral density function is evaluated by the intensitheitagnetic field
fluctuations at five different frequencies, i.ey, oytox, oy-0x, ox and 0. All of these
angular frequencies represent specific time-scale motionsofhey, oy and og-on
frequencies measure motions on the picosecond time-sgalagasures motions on the
nanosecond timescale and 0 measures slower (milliseconds) ateersotions. The
frequency of the fluctuating field can affect any of theseulmgrequencies and cause
relaxation in the spin system.

The frequency of fluctuating fields is measured in terms lekation rate by the
following expressions (Abragam, 1961) which express relaxation péeesnn terms of
frequencies of motion and dipolar coupling and chemical shift aomptonstants using
spectral density:

UT=(P/4){J(n-on)+3I@n)+6I @n+on) 1+ I (o) (13)
1/To=(d?/8){4J(0)+Jr+on)+3J (n)+6J () +6J H+mn) }+(CY/6){3J (n) +4I(0)}+Rex

(14)

nOe=1+(&)(yu/yn){6J(@H+on)-J (@H-on)-J(@H-on)} T 1 (15)
whereyy andyy represent gyromagnetic ratias, andoy represent Larmor frequencies,
d? represents dipolar coupling between the nuclei and follows thessimmed = 0.1y,
yn? b2 1 (4n°) [1/r°], 1 andyy are the gyromagnetic ratio of the two spins apds the
internuclear distance of an amide bond (1.02 Ayepresents chemical shift anisotropy

and is defined as’c= (2/15) o> (o] - oL)*> whereo| and oL are the parallel and
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perpendicular components BN chemical shift tensor respectively arq ¢ o) = -160

ppm, and R represents the conformational exchangetR1/T,).

Interpretation Of NMR Relaxation Data

The spectral density functions @J( are modulated by the overall global
reorientation of the protein molecule, as well as by the intenotibns of individual NH
bond vectors. Direct measurements of the three relaxation paranféN-Ti, N-T,
and N-{'H}-nOes) do not provide sufficient information to uniquely determine the
spectral density functions at the five frequencies depicted abowedér to simplify the
problem and to gain insights into the molecular motions that magob&ibuting to
relaxation of backbone amides, two different approaches were follalyeReduced
Spectral Density Mapping 49, 50) and 2) Model-free Analysis 51) using

FastModelFree which is an interface to ModelFree program devkelopehe Palmer

group.

Reduced Spectral Density Mapping

Reduced spectral density mapping is the most direct method ofziagaly
relaxation parameters. It was first described by Peng anch&vag0, 52) and then
modified by Farrow et al4Q) for application to data collected at a single magnegid fi
strength by exploiting the assumption that the high frequency apdetnsity terms that
contribute to the relaxation processes are of approximately eqaghitede, i.e.
J@uton) = Jy), and therefore may be replaced by a single equivalent fEnm.

method uses measurtl T1, °N T,, and™N-{*H} nOe to estimate the magnitude of the
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spectral density function at &, and**N angular frequencies. In turn, J(0)pdJ), and
J(®n) are directly related to molecular motion through equation 12. Féances,
according to equation 12, @)( at 0 frequency is equal to 2/&. This relationship
represents an upper limit on J(0), which is usually reduced byntashal motions that
may result from anisotropic rotational motions of the N-H bond vectibris also
important to note that chemical exchange that is in the neicops! to millisecond range
contributes positively to J(0) but this effect can be attenuateddaguring 7 under spin
lock conditions (Tp). Altogether, reduced spectral density mapping is a robust approach
for analyzing flexible sections of proteins because it does mandieon having a model
of molecular motions under investigation and hence involves the leasinanof

assumption.

Model-free Analysis

Another approach that can be applied to perform analysis of NMRatedn data
is called the Model-free formalism developed by Lipari andb8z&3, 54). This
approach translates NMR relaxation data into several modeilstodn and assumes that
the correlation function at any time, (@, for internal motions can be expressed as
follows:

C(t) =S+ (1-S) exp (-the) (16)

where $ represents the generalized order parameter whose valuedrang® to 1, and
which indicates the degree of spatial restriction for rapidonatireorientation of the N-
H bond vector, (5=1 means fully restricted,?’S 0 means unrestricted isotropic internal

motions),te is the effective correlation time of these rapid local internal flucnati
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For a spherical protein with overall rotational correlation timg Fourier
transformation of (t) gives rise to a spectral density function of the form:

JO)= (St L+o’td) +[(1-S) 1]/ (1+e’?) (17)
where 1 =1hky+ lke (18)

An important assumption of the Lipari-Szabo formalism is that global
reorientation of the molecule in solution and internal motions in tludeips are
independent of each other and can be separated into two charadierstionstants,
andte. This is generally valid for amide NH bond vectors located irl-erelered core
regions of a protein but may be less applicable to NH bond vector matidasp or
largely disordered protein segments.

In the case of TrpR, the protein displays a substantial deviatom $pherical
shape, and this anisotropy must be taken into account when considerieffetiie of
molecular tumbling on th€N NMR relaxation. In this case, the spectral density can be
expressed as a sum of Lorentzian functions that are related tot#tenal diffusion
coefficients Qx, Dyy, and B, The overall reorientation of TrpR is best described by
rotational reorientation of a prolate ellipsoid, with a charadierexially symmetric
diffusion tensor with two unique rotational diffusion coefficients pala(D|) and
perpendicular (D) to the unique axis of the molecul23). For axially symmetric
anisotropic diffusion, the functional form for the spectral densitytfands described as
(55, 56) :

Jo) = F {A1 /(1+e’1d) + A T/(1+0%)] + As t(1+e’ )]} + (1-S9) o (1+e?td)

(19)
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with the coefficients
A1 = 0.75 sifla, A, = 3 sirfo. cosa, and A = (1.5 codo — 1Y (20)
anda is the angle between the N-H bond vector and the unique agi®{the diffusion
tensor, and where the correlation timest,, andtz depend on the rotational diffusion
rates as follows:
71 = 1/(4D) +2D,), 12 = 1/(Dy + 5D,) , andrs = 1/6D, (21)

The parametet in equation 19 is dominated by the time constant describing the
fast internal motionsse, but also depends on the time constant describing the overall
anisotropic motiongy, .

1k = lhe + 1lhn (22)
and Tm, =1/(6 Der) = 1/(2D0) + 4D,) (23)
where Q¢ is approximately one-third of the trace of the diffusion ter$nr56).

Equation (23) reveals that the spectral density function govethengelaxation
properties of backbone amides will depend on the principal values offfirah tensor,

D) and DO, and on the N-H bond vector orientation with respect foThe effects of
rotational diffusion anisotropy ([#D.), and N-H bond vector orientation with respect to
Dy, on**N-T; and**N-T; relaxation time constants for a prolate ellipsoid have been well
described 7). When the N-H bond vector angle)(with respect to Pis less than the
magic angle 54 the effect of rotational anisotropic diffusion for a prolate edligs
manifests itself in largel’N-T; and smaller°N-T, values than what is seen foN-'H
amides in a molecule undergoing isotropic rotational diffusti. ( Thus as anisotropy

increases®N-T1/**N-T, ratios increase fot°N-'H amides oriented at < 54.7 and
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decrease fot°N-'H bond vectors oriented at > 54.7 with respect to P Using these
known trends, FastModelFree calculates in an iterative fashiqgoriti@pal components
of the rotational diffusion tensors for the apo-L75F-TrpR, apo-WT-Tapld,apo-A77V-
TrpR. Initial estimates of the diffusion tensors are determimech fPDB structural
coordinate files and further refined using measdrddT; and*>N-T, values, excluding
those of backbone amides with anomalous values (see selectiora dogéww) and
minimizing the followingy?function:

0 =2 [(Tol Todexg(T1il T2)cad ? 0 (24)
where the summatior;, extends over alt®N-'H backbone amides whose relaxation
parameters fit the selection criteria outlined belowi/T%i)exp and (Ti/ T2i)caic cOrrespond
to experimentally measured and theoretf@lT./*°N-T ratios, respectively, for th&"i
>’N-'H bond vector; and® is the square of the error in experimentally meastide

T4/**N-T, ratios calculated according to the procedure described in Nicholson5&)al (

Approximation Of Diffusion Parameters

The overall rotational correlation timg, for global reorientation of apo-L75F-
TrpR, apo-WT-TrpR, and apo-A77V-TrpR were obtained frontT./*°N-T, ratios by
minimizing equation 24 and excluding residues with the followiNgNMR relaxation
characteristics57): Residues with a significantly lowéPN-{'*H}-nOe (i.e. I/L, < 0.65)
were excluded because for those residues, the assumption that nwticihe te
timescale do not contribute t8N-T; relaxation is invalid §1). Residues undergoing
conformational exchange that shorténs-T, significantly were also excluded. Those

were recognized as having short®-T, values without a concomitant increase"iN-
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T1 (47) and confirmed using 1p experiments and excluding residues with-T1p/*°N-
T, ratios > 1. Consequently, a residue n with spedMieT; and**N-T,, T1, and B,
respectively, is excluded from, calculations if its Tp/T> ratio is greater than one and/or
if both of the following conditions are satisfiedl}:

<T,>-To > SD (25)
(SD= 1 standard deviation from the mean)
and (Bn- <T2>)T2n > [3 (<T>- T1 )l T1n (26)
where <h> and <T> are the average;Tand T, values, averaged over all backbone
amides that have diN-{'H}-nOe > 0.65.

From the mean of 10% trimme&aN-T1/*°N-T, ratios and the criteria described
above, initial estimates af, (~ 10 ns for TrpR samples) and the anisotropic diffusion
ratios, Dj/Dy, (~ 1.12 for TrpR samples) are typically calculated and uséutis input
to FastModelFree. Following determination of the global diffusion petes,
FastModelFree calculations, performed according to the protocailukxsin Mandel et
al. (59), internal motional parameters can be obtained in the form gériralized order
parameters, internal correlation time for N-H bond vector motign, and chemical
exchange contribution to the relaxatione.RThe program uses minimization of the
following ¥* equation in order to extract dynamics parameters:
1= (TP = T L ori®] + [(T27P = T [ o721+ [(NOE™P — nOE™) [ 6n0d]  (27)
where “exp” and “calc” denote the experimental and calculated syaftl8N-T;, *°N-T
and N-{*H}-nOe, respectively. The terrs* denotes the square of the experimental

uncertainty associated with the corresponding relaxation panmanaeté is based on
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Monte Carlo analysis of independently acquired data(58). The calculated values
N-Ty, °N-T,, and**N-{*H}-nOe are determined by holding, constant and varying®

andre until a minimum is reached in ty? calculations.

DerivationOf Order Parameter And Fitting Of Motional Moc

Generalized order parameter?) report on the amplitude of fast -ns) internal
motions experienced by the-H bond vectors of backbone amides. Lo? values
indicate highflexibility and large amplitude motions. |yD,) ratios can theibe used to
calculate any anisotropy in the global overall reatation ofthe protein moleculdn
solution (all TrpR samples were best modeled aax&lly symmetric prolate ellipsoid
shown in Figure 11). Following calculation of theisotropy in diffusion propertie:
FastModelFree fitting of the relaxation data isfpened to extract internal dynami
parameters and to establish which models descrii@gnternal motions best fitt the

data.

Figure 11. TrpRMolecule Fit Into An Axially Symmetric, Prolate Elsoid Model Of
Diffusion. The two distinct tensors of diffusion,| and D that govern rotation of tt
TrpR molecule in solutior
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This approach is analogous to the ModelFree analysis of NMRatgla parameters and
the model selection approach of Mandel and co-work&)s (

As a next step>N NMR relaxation data are fitted to one of five possible models
invoking various combinations of ModelFree parameté&$). (During this analysis,
complex forms (models 3-5) of the ModelFree Lipari-Szabo formaildnch invoke
combinations oft,, Re,, and motions on fast and slow time scal®$ &2 1) are only
included if the simplest models (models 1-2) fail to fit the expental data as

determined by F-test statisticgy.
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BACKBONE DYNAMICS OF THE APO-TRPR FORMS

15N NMR Relaxation Results

>N Relaxation Measurements Of Apo-WT-TrpR

A complete list of all thé°N NMR relaxation parameters measured for backbone
amides of apo-WT-TrpR is included in Table 8. Figure 12 depictskeage™N-Ty,
>N-T,, and™®N-{'H}-nOe relaxation values for all measurable amide residuemof
WT-TrpR with error bars representiagone standard deviation between triplicate sets of
measurements. As is the case for apo-L75F-TrpR, backbone amideedlon the
hydrophobic core of apo-WT-TrpR (i.e. core helices A, B, C, andxRibited uniform
>N-T, and**N-T, trends averaging to values of 835.5 m42.0 ms and 75.0 ms5.9
ms, respectively (for 43 amides included in the calculations). Backdboites located in
helix D of apo-WT-TrpR vyielded slightly lower averalgdl-T; of 739.1+ 34.5 ms (with
3 amides used in the calculation) and elevalsdT, of 87.2+ 12.3 ms (for 2 amides)
when compared to the averag®-T; and °N-T, values observed backbone amides
located in the core helices of apo-WT-TrpR. Backbone amides rgsidthin helix E
yielded averagé®N-T; and°N-T, values of 755.% 41.6 ms (number of 6 amides) and
78.2+ 5.0 ms, (number of 6 amides), which are not significantly diffeérem average
>N-T; and N-T, values observed for backbone amides in core helices. Overall, the
pattern of*°N-T; and™N-T, values measured over the polypeptide sequence of apo-WT-
TrpR was similar to that obtained for apo-L75F-TrpR with a faight differences

observed for amides within residue stretch 60-80. The avérbigg'H}-nOe value for
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amide residues within the hydrophobic core (helices A, B, C, araf Bpo-WT-TrpR
was found to be 0.79 + 0.04 (for 45 amides). Backbone amides located witkirDheli
turn-helix E region display lower®N-{'H}-nOe values, than those measured for
backbone amides of core helices but differences were also etisestween théN-
{*H}-nOe trends of helix D amides and those of helix E.

Backbone amides located in helix D exhibii-{*H}-nOe values lowest of all
helices averaging to 0.58 = 0.06 (for 3 amides), progressively dauyetor amides
located at the N-terminal end of helix D to those located aEite¥minal end of helix D.
Backbone amides located in helix E exhibited a slightly higherageé°N-{*H}-nOe
value of 0.68 + 0.04 (for 6 amides), wittN-{ *H}-nOe values progressively increasing
from the N- to C-terminal end of helix E. Whil?N-{*H}-nOe values were on average
higher for helix E amides than those of helix D amides, thewireconsiderably lower
than correspondinN-{*H}-nOe values & 0.8) of amides residing in core helices A, B,

C and F.

>N Relaxation Measurements Of Apo-L75F-TrpR

N-T;, N-T,, and *N-{*H}-nOe profiles for apo-L75F-TrpR are shown in
Figure 13. A complete listing of all relaxation parameterasueed for apo-L75F-TrpR
is included in Table 9. Figure 13 depicts the averayer,, *®N-T,, and*N-{*H}-nOe
relaxation values for all measurable amide residue of apo-L7®R-With error bars
representing: one standard deviation between triplicate sets of measurermbatSN-

T, and®®N-T, NMR relaxation time constants of NH residues located in the core helices
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Figure 12."°N NMR Relaxation Parameters (a); {b) T; and (c) nOe Measured For
Apo-L75F-TrpR At 45C And pH 5.7 and ~1mM (dimer) protein concentration. Note
that the T, T,, and NOE values are quite uniform for backbone amides located in the
core A, B, C, and F helices of the protein, withahd T, values of ~ 850 msec, and ~ 75
msec. nOe values are depressed (< 0.8) for backbone amideshelixhB-turn-helix E
region as well as for residues in the flexible N- and C-teitn&rror bars correspond to
spread in the data in the triplicate measurements acquired for each oelpeaimeter.
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residues 16-32; helix B: residues 35-42; helix C: residues 45-63 ardrhadisidues 93-
103) of the protein were found to be quite uniform, yielding an aveérag&; value of
836.7 mst 36.9 ms and an averab®-T, value of 73.3 mg 3.8 ms (with 52 NH bond
vectors used in the calculation$IN-T; and *>N-T, NMR relaxation time constants of
NH residues located in helix D (residues 68-74) exhibited sligtefyressed®N-T; and
slightly elevated®N-T, values, with averag€N-T; and*>N-T, relaxation time constants
of 781.6 mst 54.1 ms and 83.0 ms 3.1 ms (with 6 NH bond vectors included in the
calculations), respectively. Similar measurements for Nhtues located in helix E
(residues 81-90) yielded averaf®l-T; and *>N-T, values of 798.4 ms 47.7 ms and
74.3 mst 14.7 ms (for 8 NH bond vectors), respectively, which were quite comparable to
average™N-T; and™N-T, values calculated for core residues. Backbone amides located
at the N- and C-termini of apo-L75F-TrpR exhibited lafgé-T, and*°N-T, values, as
expected for very flexible ends of a protein.

Similarly, heteronucleat®N-{*H}-nOe values were quite uniform for backbone
amides located in the core helices of apo-L75F-TrpR, averagiQgZ9+ 0.05 (with 52
NH bond vectors included in the calculation), whifel-{*H}-nOe values of*>N/*H
amides located in the helix D-turn-helix E domain of the proteémewshown to be
significantly lower (by ~ 0.2 nOe units), although the low#-{'H}-nOe values were
not uniform across helices D and E, averaging to &.6402 (with 6 NH bond vectors
included in the calculations) for helix D amides, and Gt3%12 (with 8 NH bond
vectors included in the calculations) for helix E amides. Wfille{ ‘H}-nOes for amides

in the D/E region were lower thadiN-{*H}-nOes found for amides located in the core
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helices, a higher variation and progressive downward trentlifi'H}-nOe values for
helix E amides were observed, with amides at the C-termimthb€ helix E displaying
higher **N-{*H}-nOe than that of amides closer to the N-terminal end of Heliand
adjacent to the turn region of the helix D-turn-helix E domainufféid.3, bottom panel).
Amides located in the N- and C-terminal ends of the protein extiilsitge and negative
>N-{*H}-nOe values in all six apo and holo forms of TrpR, consistent Wighobserved
large and positivé®N-T; and™®N-T, trends that are characteristic of very flexible N- and

C-termini and will not be repeatedly discussed individually for all TrpR forms

>N Relaxation Measurements Of Apo-A77V-TrpR

>N-T,, **N-T,, and heteronucledPN-{*H}-nOe trends observed for apo-A77V-
TrpR are shown in Figure 14, and follow similar but not strictlyhigi@l patterns as
those observed for backbone amides of apo-L75F-TrpR and apo-WT-Trp&nplete
list of all the®™N NMR relaxation parameters measured for apo-A77V-TrpR isidec
in Table 10. Figure 14 depicts averaghl-T;, *N-T,, and **N-{*H}-nOe relaxation
values for all measurable amide residues of apo-A77V-TrpR withh kars representing
+ one standard deviation between triplicate sets of measuremeniiswr $inapo-L75F-
TrpR and apo-WT-TrpR, th®N-T; and**N-T, NMR relaxation time constants of NH
residues located in the core helices (A, B, C, and F) of theipratre found to be
uniform, yielding averagéN-T; and*®N-T, values of 839.7 m& 53.8 ms and of 75.4
ms+ 6.1 ms, (for 47 NH bond vectors included in the calculations), respgctiel-T,
and™N-T, NMR relaxation time constants of NH residues located in the Bejielded

averages
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Figure 13."°N NMR Relaxation Parameters (a); Tb) T»; And (c) nOe Measured For
Apo-WT-TrpR at 48C And pH 5.7 And ~1mM (Dimer) Protein Concentration. Note
that the T, T,, and NOE values are quite uniform for backbone amides located in the
core A, B, C, and F helices of the protein, withahd T values of ~ 850 msec, and ~ 75
msec. nOe values are depressed (< 0.8) for backbone amideshalixhB-turn-helix E
region as well as for residues in the flexible N- and C-teirn&rror bars correspond to
spread in the data in the triplicate measurements acquired for each oelgeatimeter.
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of 812.7 mst 32.7 ms and 82.8 ms 8.9 ms (with 7 helix D NH bond vectors included in

the calculations), respectively. Similarly for helix E amides, averagd

>N Relaxation Measurements Of Apo-A77V-TrpR

15N-T4, ®N-T,, and heteronucledrN-{*H}-nOe trends observed for apo-A77V-
TrpR are shown in Figure 14, and follow similar but not strictlyhig@l patterns as
those observed for backbone amides of apo-L75F-TrpR and apo-WT-Trp&nplete
list of all the®™N NMR relaxation parameters measured for apo-A77V-TrpR isidec]
in Table 10. Figure 14 depicts averaghl-T;, N-T,, and **N-{*H}-nOe relaxation
values for all measurable amide residues of apo-A77V-TrpR with kars representing
+ one standard deviation between triplicate sets of measurementiiswr $omapo-L75F-
TrpR and apo-WT-TrpR, th®N-T; and**N-T, NMR relaxation time constants of NH
residues located in the core helices (A, B, C, and F) of theiprotre found to be
uniform, yielding averag&N-T; and*°N-T, values of 839.7 ms 53.8 ms and of 75.4
ms+ 6.1 ms, (for 47 NH bond vectors included in the calculations), respgctiZel-T;
and™N-T, NMR relaxation time constants of NH residues located in thg Be}ielded
averages of 812.7 ms32.7 ms and 82.8 m& 8.9 ms (with 7 helix D NH bond vectors
included in the calculations), respectively. Similarly for hélisamides, averagéN-T;
and™®N-T,values were calculated to be 800.44m%.7 ms and 78.6 ms 3.7 ms (with 3
helix E NH bond vectors included in the calculations), respectively.

HeteronuclearN-{*H}-nOe values were quite uniform for backbone amides
located in the core helices of apo-A77V-TrpR, averaging to £.0904 (47 NH bond

vectors included in the calculation), whiffN-{*H}-nOe values of°N/*H amides located
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in helices D and E regions yielded averdgé-{'H}-nOe values of 0.7& 0.02 (for 7
helix D NH bond vectors included in the calculation) and @072 (for 3 helix E NH
bond vectors included in the calculation) respectively. The IdWef *H}-nOe values
measured for backbone amides in the D-E region of apo-A77V-TrpRaras low as
those observed for corresponding backbone amides of apo-WT-TrpR and apo-L75F-
TrpR. This difference in°N-{'H}-nOe trends supports the notion that substitution of
alanine to valine at residue position 77 has altered the fleyilfi the A77V-TrpR
mutant when compared to apo-WT-TrpR. TAN-{'H}-nOe data shown in Figure 14
(bottom panel) indicated that amides located within the helix Dhalim E DNA
binding domain of apo-A77V-TrpR display more dynamically restdhipg-ns internal

motions, than corresponding amides of apo-WT-TrpR and apo-L75F-TrpR.

Comparison of Relaxation Trends Between The Apo-TrpR Forms

The measured®N-T; relaxation values observed for all three apo-repressors are
within the theoretically expected range for the 25 kDa size pRTrN-T; trends were
uniform across the protein sequence for all three apo-TrpR protetlisating that the
three proteins have very similar global properties. Backbone amadeing within the
N- and C- termini displayed very similar trends among lalké¢ apo-repressors, with
significantly larger *°N-T; values than those measured for amides in core helices,
indicating that the N- and C-terminal ends of the three progmsighly flexible and

lack well-defined stable structure.
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Figure 14."°N NMR Relaxation Parameters (a); Tb) T»; And (c) nOe Measured For
Apo-A77V-TrpR At 45C And pH 5.7 And ~1mM (Dimer) Protein Concentration. Note
that the T, T,, and NOE values are quite uniform for backbone amides located in the
core A, B, C, and F helices of the protein, withahd T, values of ~ 850 msec, and ~ 75
msec. nOe values are depressed (< 0.8) for backbone amideshelixhB-turn-helix E
region as well as for residues in the flexible N- and C-teitn&rror bars correspond to
spread in the data in the triplicate measurements acquired for each oeleaimeter.
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Comparison of°N-T, data obtained for apo-TrpR-WT and apo-TrpR-L75F
(Figure 15) revealed that both proteins exhibit similar trends wiform and
comparablé®N-T, values for backbone amides located within the core helices (AdC a
F) of both apo-repressors. HigiN-T, values were observed for amides located at the N-
and C- terminal ends of both proteins, as expected for these &giyldl sections of the
two proteinsN-T, values for amides located in the helix-D-turn-helix-E regionedar
for both apo-WT-TrpR and apo-L75F-TrpR. The variation in 't T, data could be
categorized into two groups based on the residue amide positions. gthgrdup is
located at the C-terminal end of helix-C and the turn following«h@lfor which lower
than averagé®N-T, values were observed when compariig-T, trends between apo-
WT-TrpR and apo-L75F-TrpR (Figure 15). The depressioniNAT, values obtained for
residues E60, L61 and G64 of apo-WT-TrpR indicated possible contributions f
chemical exchange that may be occurring for backbone amidatedoat C-terminal
region of helix C and the turn region following helix C. A second gafumnusualN-
T, values clustered within the helix D-turn-helix E domain. For threselues a much
higher spread if°N-T, values were observed compared to the unifoiaT, trends
seen for amides in the core helices of the two apo-repressnestingly, a low>N-T,
value of 50.6 mst 0.4 ms was measured for the amide of 182 of apo-L75F-TrpR
indicating the possibility of chemical exchange occurring atNtHerminal end of helix
E.

Overall, the™N-T, relaxation patterns observed for backbone amides located

within residue stretch 68-90 of apo-WT-TrpR are difficult to gr@lon a per residue
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basis, due to the paucity of reliabl®N-T, data which arises from significant NMR
resonance overlaps of amides located within this region. Nevesshethe high
dispersion in°N-T, trends observed for amides within the helix D/E region of both apo-
WT-TrpR and apo-L75F-TrpR indicates the presence of inherent itgobit broad
timescales for these amides of both apo-repressors. In contagiamson of-°N-T
trends for amide residues in apo-L75F-TrpR and apo-A77V-TrpR meveaty
comparable relaxation profiles (Figure 17), including highly sinfifa-T, trends for
amides located in core helices A, B, C, and F, and helix D. dimparison of relaxation
data between apo-A77V-TrpR and apo-L75F-TrpR for backbone amides ofthédix
limited due to many NMR resonance overlaps and the resultingtgoafrclata in this
region for apo-A77V-TrpR. Of the two data points which can be compdred™N-T,
value was slightly greater for apo-L75F-TrpR at residue G85 ©4.3 ms) and similar
for residue S86 (77.4 1.7 ms). Amide residues located at N- and C- terminal ends of
both apo TrpR variants exhibit very larg®-T, values, as expected for such flexible

regions.

Comparison Of Th&°N-{*H} Heteronuclear nOe Profiles

The **N-{*H}-nOe profiles for both apo-L75F-TrpR and apo-WT-TrpR are very
similar for amides located within the N- and C- termini andpttoéein core helices A, B,
C, and F, corresponding to residues 7-64 and 96-107, respectively (Figuréitsyr
differences were observed but their significance is questionkble.example, R54

located in helix C of apo-L75F-TrpR exhibited a highl-{*H}-nOe value of 0.94+

0.03. In contrast, a slightly low&iN-{*H}-nOe of 0.80+ 0.05 was observed for R54 NH
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of apo-WT-TrpR. Overall, elevatedN-{'H}-nOe values of ~ 0.8 observed for amides
located within the core helices A-C and F indicate that the bbhd vectors of such
residues experience restricted ps-ns timescale motional fluctuations.
Backbone amides located within the helix D-turn-Helix E domain of\&peTrpR and
apo-L75F-TrpR exhibit lowel’N-{*H}-nOes compared to those found for amides in the
core helices (A, B, C, and F) of the two apo-repressors. ThesefthvgtH}-nOe trends
indicate that backbone amides in helix D-turn-Helix E region efttho proteins are
more flexible than amides in the helical core of the two prateliere are also
differences betweefN-{*H}-nOe patterns found for helix D amides versus those of
helix E.

Backbone amides located in helix D of apo-WT-TrpR exhibited |dWef *H}-
nOe values as compared to corresponding amides in apo-L75F-TrgRre(FL5),
suggesting that amides of helix D are more flexible on thespamescale in apo-WT-
TrpR than in apo-L75F-TrpR. Comparison'dfi-{ *H}-nOe profiles for amides located
in the helix E region of apo-L75F-TrpR and apo-WT-TrpR revealsast&g results.
Helix E amides of apo-L75F-TrpR displayed greater ps-ns Miléy than the
corresponding N-H bond vectors in apo-WT-TrpR, as indicated byra &haering of
>N-{*H}-nOe values for helix E amides of apo-L75F-TrpR, yielding sarage®N-
{*H} nOe of 0.56+ 0.12 (with 8 NH bond vectors included in the calculation).In
comparison, corresponding helix E amides of the apo-WT-TrpR vyieldestexage™N-
{*H}-nOe of 0.68+ 0.04 (6 NH bond vectors included in the calculation), suggesting that

although both proteins have a flexible helix E dom&N-{ *H}-nOe < 0.8), the helix E
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Figure 15. Comparison GPN-T; And **N-T, And N-{'H} Heteronuclear nO&rends
Between Apo-L75F And Apo-WT-TrpR. The scatter in the data foklbane amides in
the helix-D-turn-helix-E region (more pronounced forthian T, measurements) reflect
the anisotropic overall reorientation of the proteins in solution anddbgibly complex
(ps-ns) motions that this part of the TrpR experiences. This motoamaplexity also
complicates a rigorous interpretation Gfgg@neralized order parameter data for backbone
atoms in this region of the protein (see text for details). r¥Bew high ps-ns flexibility

in helix E of apo-L75F-TrpR and helix D of apo-WT-TrpR.
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Figure 16. Comparison GPN-T; And **N-T, And N-{*H} Heteronuclear nO&rends
Between Apo-WT And Apo-A77V-TrpR. The nOe values for N-H bond veatbithis
region are significantly higher for apo-A77V-TrpR comparedhtusé of apo-WT-TrpR,
indicating that the helix D-turn-helix E domain of apo-A77V imdigantly less flexible
than that of apo-WT-TrpR across both the D and E regions. Inteipretaf S
generalized order parameter data for backbone atoms inetfiamrof the protein (see
text for details).
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Figure 17. Comparison GfN-T; Trends Of Apo-L75F-TrpR And Apo-A77V-TrpR. A
small scatter if°N-T; profiles is observed for backbone amides located within the helix
D-turn-helix E domain of the three proteins. The scatter i €T, data of backbone
amides located in the helix-D-turn-helix-E region (more pronouncet™er, than*>N-

T1 measurements) reflects the occurrence of more complex backimithe motions in

this region.

of apo-L75F-TrpR may be slightly more flexible (as suggested tmwer averagé®N-

{*H}-nOe of 0.56) compared to that of apo-WT-TrpR (averalye{ *H}-nOe of 0.68).
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Figure 18. Comparison Of Th&N-{'H}-nOe Profiles Of Apo-L75F-TrpR And Apo-
A77V-TrpR. As seen for apo-L75F-TrpR and apo-WT-TrpRI-{ *H}-nOe patterns are
quite uniform for backbone amides located in the core helices exihld ends of the
proteins. The*®N-{'H}-nOe trends for residues in the helix D region are comparable
between the two TrpR variants, while thial-{*H}-nOes measured for backbone amides
in the E domain of apo-A77V-TrpR are significantly higher thandhafscorresponding
amides of apo-L75F-TrpR. ThEN-{’H}-nOe values for backbone amides in the E
domain of A77V-TrpR are comparable to those found for residues in tkehetices,
indicating that the helix D-turn-helix E domain of apo-A77V-TrgRsignificantly less
flexible than its counterpart in apo-L75F-TrpR, and appears to tsnally restricted
(in terms of ps-ns internal motions) as core helices of the super-repressor.

>N-{*H}-nOe profiles obtained for amides located in the N- and C-teraridi
core helices (helices A-C and F) of apo-L75F-TrpR and apo-A7pRTare highly
similar between the two apo-repressors (Figure 18). However, asechothile
comparing apo-L75F-TrpR and apo-WT-TrpR above, R54 located in hebx &po-

L75F-TrpR has a highéPN-{*H}-nOe value than its corresponding counterparts in apo-

A77V-TrpR. As stated above, the obsen/éd-{'H}-nOe for R54 in apo-L75F-TrpR
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corresponds to a value of 0.84.03. In contrast-°N-{ *H}-nOe data obtained for R54 in
apo-A77V-TrpR revealed a lower value of 0.¥9.04, consistent with°N-{*H}-nOe
enhancements obtained for the surrounding amides. ComparisdtN-¢fH} nOe
profiles for amides located within the helix D-turn-helix E domain of apo-L7pRBEnd
apo-A77V-TrpR also revealed interesting differences that stiggesssible rationale as
to why these two TrpR variants possess such distinct L-trp co-repressor laffaiiigs.

Although **N-{*H}-nOe profiles for helix D amides were very similar betwee
the two apo-repressors, with perhaps slightly higfés *H}-nOe values for apo-A77V-
TrpR residues, significant differences were observed for anodased within helix E.
>N-{*H} nOe values were found to be significantly lower for backbone asrimt=ated
within helix E of apo-L75F-TrpR compared to corresponding amideporAZ 7V-trpR.
These data indicate that N-H bond vectors in helix E of apo-L7#pR-&re more flexible
and experience a higher level of ps-ns internal fluctuations cechpgarcorresponding
amides in the helix E domain of apo-A77V-TrpR. The difference$’Nx{*H}-nOe
enhancements are most pronounced for helix E residue S86 in apo-LaSRwith an
5N-{*H}-nOe of 0.39+ 0.07) compared to afPN-{*H} nOe enhancement of 0.290.07
for S86 of apo-A77V-TrpR.

The'*N-{*H}-nOe profiles of amides located in the N- and C-termini of tagtb-
A77V-TrpR and apo-WT-TrpR were very comparable, displaying laegative or small
positive values*?N-{*H}-nOe < 0.4) (Figure 16). Close correlations betw&h{‘H}
nOe trends were also observed for N-H residues located withaotaenelices (A, B, C,

and F) of the two apo-repressors. However, significant diffeseric °N-{*H} nOe
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trends were observed for backbone amides located in the helix D-tixrsldomain of

the two proteins™N-{*H}-nOes were found to be substantially lower for amides located
within helix D of apo-WT-TrpR (averaging to 0.580.06) than those located in helix D
of apo-A77V-TrpR (averaging to 0.AD.02). Helix E amides followed similar trends in
15N-{*H}-nOes with the enhancement values being lower in apo-WT-TapBréging to
0.68 +0.04) than in apo-A77V-TrpR (averaging to 0.%7 0.02). ®N-{'H}-nOe
differences were most pronounced for amides of the helix D, ingicttat this helix is
the most flexible in apo-WT-TrpR on the ps-ns timescale. Twmues located in helix

E of apo-A77V-TrpR (G85 and S86) are of special interest sinceetktaipit high*°N-
{*H}-nOe values (0.7& 0.07 and 0.72 0.07 respectively) in the range of those obtained
for the core helices A, B, C and F, whereas G85 and S86 of apo-WT{op$ess

considerably lowet°N-{*H}-nOe values of 0.63 0.06 and 0.6& 0.05, respectively.

Model-free Analysis

Generalized order parameter$)(&port on the amplitude of fast (ps-ns) internal
motions experienced by N-H bond vectors of the backbone amides. Lowpardereter
values (8 < 0.4) indicate high flexibility and have been calculated fordentesidues
located in N- and C-terminal ends for all three apo-TrpR pretsiudied. As indicated
by the determination of the principal components of the diffusion ter{Bgs,) for
apo-TrpR-WT and the two apo-TrpR variants, the global overall enei@tion of the
TrpR protein molecule(s) in solution was best modeled as that ofialty aymmetric

prolate ellipsoid. FastModelFree fitting of the relaxation dess performed to extract
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internal dynamics parameters which revealed dynamic pagesmabtained as a function
of residue number as tabulated in Tables 20-22.

The N NMR relaxation data obtained for apo-WT-TrpR, apo-L75F-TrpR, and
apo-A77V-TrpR were fitted successfully to one of five possiblelsoations of Model-
Free parameters under current fitting critert#®)( During relaxation data analysis,
complex forms of the Model-Free Lipari-Szabo formalism thatunohel parameters
defining effective correlation time for internal motiong),( conformational exchange
parameter (R), and motions on the fast and slow time scales§ &, 1) were only
included if the simplest model failed to fit the experimentah dest determined by F-test
statistics §9). The extended model-free formalisf@0Y or model 5 was used to fit
relaxation data for only 4 amide residues of apo-WT-TrpR (6.8% | cfatisfactorily
fitted residues) namely L71 in helix D, G78 within the turn regalo¥ing helix D, and
S107 and D108 at the C-terminal end of apo-WT-TrpR. The numbers of apa{yRkT-T
amides that fitted to each combination of model-free param@edstheir percentages
out of the total number amides fitted to any model) were 40 (or §&®%hodel 1 ($
only), 13 (or 22.4%) to model 2{@ndz.), 0 to model 3 (5and R,), and 1 (or 1.7 %) to
model 4 (3, Rex ande).

The number of°N-'H amides residues fitted to model 1 through model 5 (and
percentages out of a total 93 amides with avail&teT,, *N-T,, and**N-{*H}-nOe
relaxation data) for apo-L75F-TrpR were 44 (47.3 %) to model 1134 @6) to model
2,5 (5.4 %) to model 3, 4 (4.3 %) to model 4, and 19 (20.4 %) to modeftépased in

Table 21.
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Relaxation data for N- and C- terminal residues of apo-L75F-Tgdtd(res 7-15,
and 106-108, respectively) were fitted better to an extended modell(&)addicative
of highly complex motions on broad timescales, which is not too sigensidering
that these segments are highly flexible in solution. Out of tHeatKbone amides of the
helix D-turn-helix E domain (i.e. residues 68-90) of apo-L75F-TrpRt ttould be
analyzed, and for which well-resolved NMR peaks could be obtainedwalamides ,
namely A80 and L89, displayet™ NMR relaxation data that could best fit to the
simplest model of motion (model 1). The relaxation data for @uesi were best fit to
model 2, which invokes an internal correlation time for NH bond vedboation (),
along with 8. 8 amide residues (E70, F75, G78, T81, 182, R84, G85 and S88) of apo-
L75F-TrpR displayed™N-T;, *®N-T,, and **N-{*H}-nOe profiles that required more
complicated models to fit the data, and out of these, a relatigtynumber of 5 (29.4
%) residues (E70, G78, T81, R84 and G85) exhibitABdNMR relaxation parameters
that could only be fitted to the most complicated, extended model [rBpdadicating
that complex motions on broad timescales are occurring in tenceA fit to model 5
suggests that the internal motions are too complex to be yeldddcribed using
ModelFree analysis, and that some of intrinsic assumptionshisaapproach invokes
about the forms of NMR spectral density functions may not betlgtvalid in such cases
(53, 54).

Similarly, the number of amide residues of apo-A77V-TrpR fitedniodel 1
through model 5 (and their percentages out of a total of 80 afoidesich reliableN-

T1, ®N-T, and*®N-{*H}-nOe data could be obtained) was found to be 45 (56.3 %) to
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model 1, 5 (6.3 %) to model 2, 9 (11.3 %) to model 3, 9 (11.3 %) to model 4, and 7 (8.8
%) to model 5. However, it should be noted that in the helix D-turn-lelpegion
(residues 68-90), 71 % of the residues (i.e. 9 amides out of a tdt8l thiat could be
fitted to any model of motion) hadN NMR relaxation parameters that could be best
fitted to either model 1 or model 2 (i.e. simpler models of motiomeraas only 1
residue (Q68) had relaxation data with best fit to model 5. Thesalts also
corresponded to a smaller spread d¥&lues for N-H bond vectors of apo-A77V-TrpR
belonging to the D/E region, indicating that internal motions of backbondes in the
D/E region of apo-A77V-TrpR are more restricted than corresporalimiges in apo-
L75F-TrpR and apo-WT-TrpR. Interestingly, two glycine residwesated in the turn
region between helix D and helix E (i.e. G76 and G78) and the substitlied &t
residue position 77 between those two glycines displ&¢delaxation data best fitted
to model 4 (§ R« andte), indicating that this region undergogs-ms conformational
exchange, with a higher than average (18 amides best fittedh¢o mibdel 3 or 4 which
report chemical exchange parameters averaging tt 0.5 se¢) exchange rate () of
6 sec' observed for Val 77.

Our computation of generalized order parameters revealed resndisstent with
the ®N-{'H}-nOe profiles observed for amides of the three apo-repredsarhermore,
model selection has revealed noteworthy differences and sebtiet8 trends between
the three apo-TrpR proteins. Specifically, major differences?iar® model selection
were observed for amide residues located within the helix DHeilir E region (i.e. the

DNA binding domain) of the apo-repressors. In contrasrehds and model selections
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were more uniform for amides residing within the core helicesB(AC and F) of the
proteins. It was found that NH bond vectors in core helices are higgtiycted in terms
of ps-ns internal motions, as indicated by generalized order parsn$e>0.88 for core
residues of all three apo-TrpR proteins.

If one is to compute average Salues for all amides with reliabféN NMR
relaxation data in the helix D-turn-helix E regiofi,t@nds appear to be very comparable
for all three apo-repressors. However separatfrigeBds for backbone amides of helix D
versus those of helix E reveals small but significant variatameng the three apo-
repressors. An average order parameter computed for backbone afri@dix D in apo-
WT-TrpR vyields < $> of 0.78+ 0.04 (only 2 NH used in the calculation). This is to be
compared with an average &Svalue 0.83t 0.01 for helix D amides of apo-L75F-TrpR
(6 amides included in the calculation) and an averagew&ue 0.82t 0.02 for helix D
amides of apo-A77V-TrpR (7 amides used in the calculation). Whileagee< &>
values do not reveal any significant differences between tlee @po-repressors, the
distribution of $ values for helix D amides is greater in apo-WT-TrpR conmpsrehat
of apo-L75F-TrpR. There is a slight difference ih\@lues between the two proteins,
supporting the observation fromiN-{*H} nOe trends that helix D amides are more
dynamic (on the ps-ns timescale) in apo-WT-TrpR than correspohdingD amides of
apo-L75F-TrpR. Interpretation of’Srends is complicated by the fact tHaN NMR
relaxation data for most amides in the helix D-turn-helix giore cannot be fitted to

models 1 and 2 where ModelFree analysis is most applicable.
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An average order parameter computed for NH bond vectors of helixago-
WT-TrpR vyielded an average <*Sof 0.87 +0.06 (for 6 amides included in the
calculation) which is comparable to the average><\&lues for corresponding residues
in apo-L75F-TrpR (< & = 0.84+ 0.03; 9 amides included in the calculation) and in
apo-A77V-TrpR (< & = 0.91+0.01, 4 amides included in the calculation). Perhaps
more noteworthy, helix E amides of apo-A77V-TrpR yielded rathgh I value,
indicative of highly restricted ps-ns motions and of the same toaignas helix A, B, C
and F. Furthermore NMR relaxation data fitting and model sele¢tnost of the helix D
amides of apo-A77V-trpR are best fitted to model 1) resuttwel uncertainty values in
S, supporting the observation that residues in helix D are lesbléieki the super-

repressor TrpR mutant.

Reduced Spectral Density Mapping Results

The N NMR relaxation data obtained for apo-WT-TrpR, apo-L75F-TrpR, and
apo-A77V-TrpR were also analyzed using the reduced spectralyderegiping method
(50, 61) besides ModelFre&1, 59, 62). Both types of analysis were undertaken because
the region with most noticeable differences was also the rhadienging to probe by
NMR due to the extensive overlap of NH NMR signals, which precladgdantitative
analysis of resonance intensities and measuremerit® diMR relaxation parameters
for many amides in this region. In addition, many amides in the HdiHain for which
>N NMR relaxation parameters could be measured could not be finpdesmodels of
motions (i.e model 1:%Sonly; or model 2: & te) (59), limiting our interpretation of S

parameters obtained from FastModelFree analysis for these residues.
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The spectral density functionse(D), (don) and J(0.8®y)) were calculated for
each residue at a single magnetic field strength of 14.1 T.reBudts are presented in
Figures 19 and 20 and a complete tabulation of reduced speatsatydiinctions is
available in Table 14-16. As foreshadowed by the relaxation, tiiteseduced spectral
density functions «4(0), (Jon) and J(0.8&y) for NH vectors of the core helices of all
three proteins were fairly uniform. This uniformity indicatest tthee core NH vectors
have very similar motional propertieswgd] profiles were very similar throughout the
sequence of all three proteins. These uniform patterns are wvesysient with the
uniform trends observed in tHeN-T; data, and reflect the same insensitivity to residue
position as observed in théN-T; data. The fact thdfN-T; trends are consistent with
J(wn) profiles is not too surprising considering thaby)(is a measure of the spectral
power of frequencies that contribute significantly*iN-T relaxation, thus we expect
J(on) profiles to be very comparable to the observ®dT; trends 63). Very small
Jf(0) and large J(0.8x,) (the latter characteristics of very rapid ps-ns motionsgewer
observed for amides located in the N- and C-terminal ends of thee ghoeeins. These
data are very consistent with what is observed for very flexdiderdered termini of
proteins 63).

Interesting differences ingd0) and J(0.8@y) were observed for backbone
amides residing within the helix-D-turn-helix-E domain of the éhapo-repressors. As
reported by the®N-{'H}-nOe tends, elevated values of J(@@Y were observed for
these residues compared to backbone amides residing in the G.-befiees of the

proteins. Residues which were not undergoing chemical exchangel temgmssess
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slightly lower J(0) values than those measured for core amidegether these data
indicate that in all three apo-repressors the HTH domain i rfilexible than core
elements.

However the patterns were not uniform across the D and E regiods
differential flexibility was again observed between the twgiaes. For example,
elevated J(0.8%4) were measured for helix D amides of apo-WT-TrpR compared to
J(0.8Ty) values measured for corresponding amides of apo-L75F-trpR réFib@
bottom panel) and apo-A77V-TrpR (Figure 20 bottom panel), clearlyatidgthat the
helix D region of apo-WT-TrpR is more flexible than helix Dapio-L75F-TrpR and that
of apo-A77V-TrpR. The J(0.8xy) patterns are reverse for helix E amides of apo-L75F-
TrpR, whereby J(0.8%) trends are slightly higher than those calculated for helix E
amides of apo-WT-TrpR (Figure 19 bottom panel), indicating this ragiorore flexible
in apo-L75F-TrpR than in apo-WT-TrpR.

These data clearly show that the Leu to Phe mutation atueegosition 75
reduces the internal backbone motions of helix D amides and enhlihagesns motion
of helix E amides. In contrast, the J(Qo8J trends remain lower for helix E amides of
apo-A77V-TrpR compared to apo-WT-TrpR (Figure 20 bottom panel), indicdiaidhe
Ala to Val substitution at residue position 77 reduces ps-ns interoibns throughout
the entire helix D-turn-helix E domain of the super-repressor.

We observed noticeable scatter g(Q) trends for HTH amides of all three apo-
repressors (Figures 19 and 20, top panels). Many residues exhilijtetty stmaller

Jef(0) than those calculated for core residues, consistent withagetanternal motions
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occurring in many regions of the HTH domains of the three gm@ssors. However
several other residues exhibited significantly largg0J, and indicated that these
residues are not only experiencing ps-ns bond vector fluctuationssbuslawerus-ms
chemical exchange motions. Elevateg{@) were observed for residues E60 and G64 of
apo-WT-TrpR and T81 of apo-L75F-TrpR (Figure 19 top panel) which sugtesiy

Rexcncontributions td°N-T, relaxation.
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Figure 19. Comparison Plots Of Reduced Spectral Density Functialesil&ed For
Apo-WT-TrpR (Filled Circles) And Apo-L75F-TrpR (Open Crogseéop) 1#(0);
(middle) Jfon); and (bottom)J(0.8%»y), with secondary structural elements depicted
above the plots. 4(0) (suspected to includefR) from both proteins are labeled.
Significant differences in J(0.8¢) were observed in the helix-D-turn-helix E motif.
Slightly elevated J(0.8%;) for helix D amides of apo-WT-TrpR compared to their
counterparts in apo-L75F-TrpR support the notion that helix D of thetypkl apo-
repressor is more flexible (in terms of ps-ns internal moyitdren helix D of the ts apo-
TrpR mutant. The J(0.8¢f) pattern is reversed for helix E, indicating increased
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Figure 20. Comparison Plots Of Reduced Spectral Density Functialesil&ed For
Apo-WT-TrpR (Filled Circles) And Apo-A77V-TrpR (Open Crossefipp) 1#(0);
(middle) Jfon); and (bottom)J(0.8%»y), with secondary structural elements depicted
above the plots. Reduced J(QsBJ trends for backbone amides in the helix-D-turn-helix
E region of apo-A77V-TrpR support the notion that the Ala to Val anaocwml
substitution at residue position 77 decreases the overall ps-ns mdtgaitality of the
HTH DNA-binding domain of the super-repressor.



65

PREPARATION OF HOLO-TRPR SAMPLES

To perform comparative studies with holo (L-Trp) forms of theRIand its

mutants, holo-TrpR samples were made and studied as described below.

Assignment Of Chemical Shifts

Backbone amide resonances of two apo (WT and A77V) were assigned using
multidimensional (2D and 3D) heteronucled,(**N, *C) NMR experiments. These
include **N-'*H HSQC, HNCACB, CBCACONH, and HNCA that upon analysis,
permitted the assignment of 85 and 88 backbone amides out of a totalradritp#holine
backbone residues in apo-WT-TrpR and apo-A77V-TrpR, respectively. Regonan
overlap obscured the assignment of rest of the resonances. @mecahshifts were
referenced to 2,2-dimethyl-2-silapentane-5-sulfonate (B8S)gnal at 0.0 ppmbd) and
analyzed using SPARKY65). Resonance assignments of backbone atdfis N,
13Ca/[3) obtained for apo-WT-TrpR and apo-A77V-TrpR were deposited in the
BioMagResBank as entriemtries 17041, 17046, and 17047 and are reported here in
Tables 3 and 4. Resonance assignments for apo-L75F-TrpR were obteoned f
published work §6). In this case 101 out of 104 non-proline residues had been assigned
(66). The sample used for these experiments were grown to cottaamd3C labels to
observe their resonance signals and were concentrated to safimale concentration of

~1 mM. Similarly, the holo-TrpR chemical shifts were also assigned.
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L-Trp Binding Titrations

TrpR binding to L-Trp was measured by monitoring a serie§NfH HSQC
spectra of solutions of TrpR as a function of the concentration dfrigra-Trp. 0.7-1.0
mM N labeled TrpR WT, L75F and A77V samples were titrated withelmsing
amounts of an unlabeled L-Trp stock solution (50 mM L-Trp, 50 mMRO,, pH 5.7).
Eight 0.2 molar equivalent aliquots of the L-Trp stock solution weredati@n®N-
labeled protein solution (1 mM monomer, buffer same as above) of &itfelrpR,
L75F-TrpR or A77V-TrpR followed by acquisition of 2->N-HSQC spectrum after
each addition to monitofH/*>N chemical shift changes upon L-Trp addition to TrpR
samples. The combined amide chemical shift perturbation wadatald for each sample
by taking into account the gyromagnetic ratios of tfe and 'H nuclei using the
equationAda = (0.5A8(*HY)? + (0.225(**N))?]) 2 whereAs(*HY) and A5(*°*N) are the
chemical shift differences for tH#" and*°N atoms between holo- and apo-forms (i.e.
A8= (holo-TrpR — apo-TrpR), andé., is a weighted average of tHaN and *HM
chemical shifts as described in Pellechia et&l). (Formation of holo-TrpR samples was
considered complete when further addition of L-Trp resulted in no chandés™N
chemical shifts as monitored in the 2B-"N correlation HSQC spectra of the three

holo-repressors.

Chemical Shift Perturbation Mapping

The change in chemical shifts due to L-Trp binding were monitoretl a
compared for each TrpR sample at the same amounts of L{fapedi In general,

chemical shift changes between holo- and apo-TrpR proteinsfawerd to be small for
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most amides, indicating that the overall 3D structures of theaagddholo forms of the
three TrpR proteins are very similar. However, ~27 residuediathisignificantH/*>N
chemical shift changes upon formation of the holorepressors. On ttseabasi/>N
chemical shift variations, residues with correspondieg, values of>0.2 ppm were
identified as those experiencing significant chemical shiftatians and selected for
further analysis. As can be noticed in the plot, the chemicalsshiéire affected
differently for the three proteins (Figure 21). Deviations vadreerved in helices B, C, D
and E of all three proteins. A broad comparison between the three shows that TrpR-A77V
observed the least change in chemical shifts. In Figure 22, reswitie significant
chemical shift changes are mapped onto the 3D structure of holdfdR;, highlighting
that several residues with perturbed chemical shiftslgleluster around the proteinis
Trp binding pocket. For example, residues 38—44 (the C-terminal enthoBhend 47—
49 (beginning of helix C) point directly at the amino and carboxgugs ofL-Trp.
Residues 51, 52, 55, 56, 58, and 59 of helix C and residues 84—-86 of helix Eettg dir
adjacent to the-Trp binding pocket (6, 7). Interestingly, several amides wittupgsed
chemical shifts belong to residues that are not part of the pteimp binding pocket.
Such amides include residues 60—64 (which comprise the C-terminalf dredix C),
residues 67—69 and 73-78 (which span the turn—helix D—turn region of tHeDINA-
binding domain of TrpR), and residues 89-91 of helix E. These data sulgges$or
these residues, there is a correlation between the observed chemicdlastufts induced
by binding ofL-Trp to the repressors and the indirect effects such as subtle

conformational or slow internal dynamics changes.
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Not all three TrpR proteins, however, exhibited similar patternSHGIN
chemical shift changes (Figure 21). For example, WT-TrpR displdlyedgreatest
number of residues with chemical shift changes abovadhe> 0.2 ppm threshold, with
the largest changes observed for residues located in the gion spanning helices B
and C (i.e., residues 40 and 42-44) and residues in the turn—helix D—tiom (ieg,
residues 60, 61, 64, 67, 69, 75, 77, and 78) of TrpR’'s HTH DNA-binding domain
(Figure 21, top panel). L75F-TrpR displayed the second greatest numbsidagsewith
chemical shift changead,, of >0.2 ppm. The same residues located in the turn region
between helices B and C exhibited significantly perturb#tPN chemical shifts in
L75F-TrpR as in WT-TrpR (Figure 21, middle panel). In contrast, armgecluster of
residues with large chemical shift changes was localizethdoturn—helix E region
(residues 77, 81, 85, 88, 89, and 91) of L75F-TrpR, suggesting that the bind#igpof
Lastly, A77V-TrpR displayed the lowest number of amide residuds etiémical shift
changes 45.,) of >0.2 ppm. Residues with significati/*°N chemical shift changes
were located at the end of helices B, C, and E, similar ta wha observed for WT-
TrpR, and spanning theTrp binding pocket of the repressor. The largest differences
between A77V- and WT-TrpR were found for residues in the turn—heltarB region.
A77V-TrpR had very few residues in this region with perturtté®°N chemical shifts
compared to wild-type TrpR (Figure 21, bottom panel). Overall, thesarahtated that
the chemical shift changes observed upon formation of holo-A77V-TrpRalanost
exclusively associated with residues lining thérp binding pocket of the repressor. The

absence of significalti/*>N chemical shift changes for residues in the helix D—turn—
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helix E (HTH) region of A77V-TrpR suggests that the conformation ®N\ATrpR in its

apo state closely mimics that of thd rp-bound holo form of the protein.

g
5
o
<
£
5
r.o;
bl
.
é‘ 12 £ C A7TV-TrpR
3

o 10 20 30 40 50 60 T0 80 a0 100 110

Residue Number

Figure 21: Chemical Shift Changes In TrpR Induced By L-TryptopBaing. The
chemical shift changes between apo- and holo-TrpR are shown fdrgRerepressors
(top) WT, (middle) L75F, and (bottom) A77¥5,, is a weighted average of ti and
HY chemical shifts calculated as followsAd., = (0.5A5(*HY)? + (0.2a8(*°N))?)*?
whereAs(*H™) andAS(**N) are the chemical shift differences for thé" and*°N atoms
between apo- and holo-forms.

Further, a comparison of the overlaid 2*°N HSQC spectra of theTrp-
saturated forms of holo-WT-TrpR and holo-A77V-TrpR revealed anestieg trend and

indicated that- 98% of thEl/*°N chemical shifts are identical for holo-WT and holo-
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A77V TrpR. Any observed chemical shift differences for the thaloproteins
corresponded to resonances in holo-A77V-TrpR that are margin&dlgt oh terms of
chemical shifts relative to corresponding signals of holo-WIRTrprhe close
resemblance of spectral patterns in the'BB°N HSQC spectra of the two holo-
repressors suggests that the conformations of ithBip-bound state are almost identical.
This is not the case for holo-L75F-TrpR where only 91% of the obsétdignals
overlaid directly with those of holo-WT-TrpR in 2BI/*°N HSQC spectra of these
proteins recorded under identical conditions. The remaiaing -9% (9 residues) exhibite
small but distinct chemical shift differences from correspondikigsignals of holo-WT-
TrpR. These differences were assigned to amides in the HTHiMom&rpR within the
stretch of residues 61-79 and amides located in turn regions spaefilnD and next to
helix E (i.e., residues 60, 64, 67, 76, 78, 89, and 91). Distinct chemical\gbiftd be
expected for residues close to Phe 75 due to potential ring caffects introduced by
the Leu to Phe amino acid substitution in L75F-TrpR. Others aredigiant to be
experiencing substantial ring current effects, and their dististhical shifts most likely
originate from small conformational and/or dynamics changdsmitelices C, D, or E

that propagate outward to adjacent turn regions.
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Figure 22: StructuraRepresentation Of Residue Amides Experiencing Ctanghift
Change On Trp-Binding(Left) Ribbon representation of thesttural elements of hc-
WT-TrpR. The backbone structures of the two protonaeesshown in gold and ligl
blue, with helices A through E labeled. Th-tryptophan caepressor ligand is shown
blue in stick representation. S-chains corresponding tamides with most perturbe
>N/*H chemical shifts upon-Trp binding (i.e. residues 40, 42, 43, 60, 61, &4, 68,
69, 75, 77, and 85) are colored red and showni¢k stpresentation. The TrpR prott
model was prepared using the molecular graphicgrano VMD, version 1.8.
(Humphre et al., 1996) and the solution solved NMR strietfile (PDB ID 1WRS)
(Right) Section of an overlay 2D *H-N-HSQC spectra displaying the change
chemical shift of several residues upon additionL-Trp to WT-TrpR. Resonanc
assignments are shavalong with arrows indicating the directions oé tthemical shif
changes. Contour levels shown in grey correspottigetdocation o*H/**N resonances of
apo-WTTrpR. Red contour levels indicate the location’H/**N resonances which sh
as a functin of increasing concentration o-Trp (0.2 to 1.4 mM). The final locations
'H/™N resonances following the addition of 1.6 mM «Trp are shown in blueH/*N
chemical shift changes shown are the result @tittn of 0.2mM aliquots of -Trp into a
1mM (monomer) WTFrpR protein solution(68)

Interestingly, small differences in chemical shiftstween hol-WT-TrpR and
holo-L75FTrpR were observed for residues located in t-terminal ends ¢ helices C

and E (i.e., residues 56, 60, 89, and 90), comdistéh previously observed differenc
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in 'H/*°N chemical shifts between the 2B/*°N spectra of apo-L75F-TrpR and apo-WT-
TrpR. On the basis of these data, we thus conclude that the long-rang®agtens

observed in apo-L75F-TrpR persist in holo-L75F-TrpR.
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BACKBONE DYNAMICS OF HOLO TRPR FORMS

15N Relaxation Measurements For Holo-TrpR Samples

15N-T;, N-T,, and **N-{'H}-nOe relaxation experiments were performed in
triplicate at 318 K (45°C) on the holo forms of TrpR. Standard NM&a&on pulse
sequences were used as described for apo-TrpR samples. To peelaxation
experiments, a sample concentration of ~1mM was used for WT &id TrpR forms
except for a lower concentration of 0.6-0.7mM used in case of TrpR-A¥aVoid the
risk of aggregation. Buffer conditions were same as those use@hiemical Shift
Assignment experiments. Out of 104 non-proline residues, relaxatiomgtars were
measured for amides of 80, 76 and 78 residues of holo-L75F, holo-Whotmé\77V
TrpR respectively. A complete listing of alN NMR relaxation parameters measured for
all three holo-TrpR proteins is included in tables 11-13 and reportedeirBMRB
(entries 17041, 17046, and 17047).

Relaxation profiles for all holo-TrpR samples are shown in Fg@®25 and
depict the averagEN-T1, *°N-T,, and**N-{*H}-nOe relaxation values for all measurable
amides with error bars correspondingttone standard deviation between triplicate sets
of measurements. TH&N-T; and*N-T, NMR relaxation time constants of NH residues
located in the core helices (helix A-C and F) were found to beramifor all holo-TrpR
samples, yielding an averag®d-T; value of 802 ms: 62 ms and an averadaN-T,

value of 77 m& 8 ms (with 58 NH bond vectors used in the calculations) for holo-L75F-

TrpR, 807 mst 50 ms and an averad®\-T, value of 75 ms 5 ms (with 56 NH bond



74

vectors used in the calculations) for holo-WT-TrpR and 883 ms and an average
>N-T, value of 73 mst 4 ms (with 55 NH bond vectors used in the calculations) for
holo-A77V-TrpR respectively. However, all three holo-forms exhibite break in
uniformity of trend from residue E65 to residue R84. This region corresponds to the turn
helix D—turn—helix E DNA-binding domain of the repressors. *PNeT, profiles of holo-
WT-TrpR and holo-A77V-TrpR in this region (Figure 27) were almidsntical™®N-
T, values for holo-L75F-TrpR amides followed, for the most part, trend$asita those
of holo-WT-TrpR and holo-A77V-TrpR, with the exception of two amideZg@nd
G78) that displayed significantly highBN-T, values, suggesting that these two residues
are significantly more flexible in L75F-TrpR than in the twbest TrpR variants. These
two glycines are located in the turn region of the HTH DNA-bindloghain next to the
amino acid substitution site and may be at the origin of thebflgyi differences
observed for helix D amides of holo-L75F-TrpR (see below).

The'N-{'H}-nOe profiles of backbone amides of holo-WT-TrpR and the two
TrpR variants are shown in Figures 23-25, bottom panels. Largeadesral>N-{ *H}-
nOe (< 0.6) were observed for backbone amides in the N- and C-texfriime holo-
repressors (residues 4-15 and 105-108, respectively together heitharge™N-
T1 and™N-T, values suggesting large amplitude picosecond to nanosecond
motions.*>N-{'H}-nOes for backbone amides in the core helices were quite uniform,
averaging to 0.78 £ 0.06, for all three holo-repressors, indicatingcthhatamides are
motionally restricted in terms of picosecond to nanosecond fluctuatnahara part of a

rigid structural core for all three TrpR proteins. In contrast;{ *H}-nOes for residues
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located at the end of helix C (starting at residue E65) and progyessvard the
beginning of helix E (residue A80) decreased for all three legeessors (see
Figure 28). Some of the lowé3t-{'H}-nOes were measured for backbone amides
preceding and directly following helix D (i.e., turn residuesyvali as in helix D (e.qg.,
M66, Q68, E70, L71, G76, and G78). This observed decreads-{itH}-nOe correlates
well with the slight elevation if°N-T,observed for these residues (Figure 27).
Altogether,"N-Ty, **N-T,, and**N-{*H}-nOes measured for holo-WT-TrpR, holo-L75F-
TrpR, and holo-A77V-TrpR are largely within experimental errdr each other,
indicating that all three holo-repressors have overall verylaimiN NMR relaxation
behaviors, except for a few important residues within or in the tyanfithe repressors’

HTH DNA-binding domain.

Model-free Analysis

The N NMR relaxation parameters of holo-WT-TrpR, holo-L75F-TrpR, and
holo-A77V-TrpR were further analyzed using ModelFree and the modettisa
approach of Mandel and co-workeB9) to further characterize the internal dynamics of
the holo repressors occurring on ps-ns @suins timescales. As indicated by comparable
principal components of the diffusion tensors/{D) of holo-WT-TrpR and the two
holo-TrpR mutants, the global overall reorientation of the three PprpRins in solution

was best modeled as an axially symmetric prolate ellipsoid, as was dose wof tae
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apo-TrpR forms. The rotational correlation timg)(for global reorientation of the holo-
repressors in solution calculated are reported in Table 2. #o#imd Oj/D. ratios are
within experimental error of one another, indicating that all thde-repressors possess
overall similar global shape and tumbling properties in solutionthEyrthe observed
values are in agreement with theoretical prediction,aind Oy/D. based on molecular
weight, high-resolution structural analysi&0), hydrodynamic data and previously
reported values2B). The generalized order parameter, vhich reports on the amplitude
of backbone N-H bond vector motions on the ps to ns timescale whichiogdaster
than the tumbling of the molecule(~ 10 ns for TrpR) were also calculated using
model-free analysisl) and are reported in Tables 23-25. The amides located on N- and
C- terminal ends (residue 4-15 and 104-108) display fowaies (<0.5) indicating large
amplitude motion. These values are consistent with solution strustudas of apo and
holo TrpR which show this region disordered due to a lack of observedch@dEaints
(20). The order parameter values for the remainder of the seqaemcelatively high.
Model selection accompanying thé &alysis indicates that the backbone dynamics of
residues in the core-helices of each holo-repressor were best described by aesimpl
model of motion (model 1,2Sonly), indicative of very fast ps-ns internal N-H bond
vector fluctuations . < 20 ps) accompanied by small amplitudes of N-H backbone

motions taking place. The uniformity of 8etermined for backbone amides in this region
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Anisotropy Tumbling Time

Dy/D. ¢ (NS)
L75F-TrpRepo 1.21 +0.03 10.45 + 0.05
L75F-TrpRhoio 1.24 + 0.04 10.06 + 0.04
WT-TrpRapo 1.28 + 0.08 10.12 + 0.10
WT-TrpRholo 1.15+0.05 10.30 £ 0.07
AT7TV-TrpRapo 1.19+0.03 10.30 £ 0.04
AT7V-TrpRnolo 1.20 + 0.04 10.50 + 0.04

Table 2. Diffusion Properties As Measured For TrpR Apo And HologBssnUsing

FAST Modelfree.

of the three holo-repressors also clearly indicate that thests dittle difference in the

equilibrium ps-ns fluctuations of the backbone N-H groups between thepiioteds in

their holo state. This situation is not much different from tAev&ues that were

calculated for backbone amides residing in the aahelices of the apo-repressoé9y.

§ calculated from backbone amides located in helix E of the repsebstix D-

turn-helix E DNA binding domain are consistently high and are comparable ¢orée

helices in holo-TrpR samples (Figure 33 on page 112)*Theelaxation parameters for

helix E amides in each of the holo-repressors were also ydiged the simplest model

of motions (i.e. model 1), where ModelFree formalism is the rappticable §9). In

contrast, $values for backbone amides located in helix D (i.e. residuets68td4) are
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lower for holo-WT-TrpR, holo-L75F-TrpR, and holo-A77V-TrpR (Figure BR)icating
that these amides retain some degree of flexibility even wheb-Thp co-repressor is
bound. Thesé®N NMR relaxation data best fit to model 2*(&nd1e) for most amides
and the more complex model 5 in some cases. Model 2 is charatteyiz& and e,
where 1 represents the correlation time for the fast internal motiaasirang on a
timescale greater than 20 ps. The fact that most of thesies (in the turn-helix-D-turn
region) demonstrated. > 50 ps indicate that the entire region may be experiencing a
cooperative fast time scale fluctuation. In general, the lowesalSes observed in this
region were for the backbone amides in the turn region betwadienChand helix E. For
example G78 (5= 0.75) for holo-WT-TrpR, G78 ¢S= 0.56) for holo-L75F-TrpR and
V77 (S = 0.64) for holo-A77V-TrpR. The low “S(indicating larger ps-ns amplitude
motions) is understandable considering that glycines provide a higaedefyflexibility
in a protein polypeptide chain.

Finally, backbone amides who$® relaxation data invoked aneg, parameter
(> 1.5 s, which introduce a contribution from chemical exchange into daitagfifand
is often indicative of conformational exchange on jikeo ms timescale, were sporadic
and inconsistent between the three holo-repressors, thus limitingbibity 80 make
conclusive observations about slowgis-ms timescale motions. More accurate
observations of R¢n contributions to the internal dynamics would require collection of
>N NMR relaxation data at a different magnetic field sgterthan 600 MHz'H Larmor

frequency) which is beyond the scope of the current studies.
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Reduced Spectral Density Analysis

Since there is a risk of over-fitting the relaxation data whsimg model-free
analysis particularly with data collected at only one fielersyth, the™>N NMR
relaxation data was analyzed using reduced spectral densipping 49, 50, 63).
Analysis of ®N-T1, *N-T, and ®N-{'H}-nOe in terms of reduced spectral density
functions (dx(0), Jen) and J(0.844)) has the advantage that these functions are
sensitive to frequencies of motions rather than amplitudes of mqdénsPlots of the
three reduced spectral density function values per residue fthirteeholo proteins are
shown in Figures 29 and 30 as comparison with each other and a comiplgd¢idn of
the results are available in the Tables 17-19. As foreshadowétehyends inf°N-Ty,
>N-T,, and ®N-{*H}-nOes, the reduced spectral density functiopg0y, Jen) and
J(0.8™y) for NH bond vectors of the core-helices (A, B, C, and F) as well as the E-
helix of all three holo-repressors were found to be fairly unifondicating that core
amides and E-helix have very similar motional properties. Thg) Jgnctions were very
similar throughout the sequence of all three proteins (Figureea@3@& middle panel).
These uniform 3y) patterns are consistent with the uniform trends observed fiNhe
T, data, and reflect the same insensitivity to residue position.atiéHat">N-T; trends
are consistent with @) profiles is not too surprising considering thabny)(is a measure
of the spectral power of frequencies that contribute signifigant!N-T; relaxation
(63). Based on the uniformity of the core values an apparent carelaine ) for

overall reorientation of the molecules was calculated using the followingi@u(&8):

tm= on" [(Je(0) - Ion)) / Jen)]™
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yielding t,'s of 10.12 ns for holo-L75F-TrpR, 10.38 ns for holo-WT-TrpR and 11.03 ns
for holo-A77VTrpR. These values are in good agreement with thdselatad using
model-free analysis and further support the similarity in structural shape

In contrast to the core helices, smaj(d) and large J(0.8x,) were observed for
amides residing in the N- and C-terminal ends of the threeipsotThese data are
consistent with very rapid ps-ns motions. Differences.#0) and large J(0.8¥,) are
also observed for backbone amides residing within the turn-Betixn region of the
three holo-repressors. Elevated values of J@,Bof ~3 ps/rad and corresponding
decrease in¢d(0) of ~ 0.8 ns/rad of these amides compared to the core and helix E
amides of the proteins indicate that these amides in the P+eglion are more flexible
on a ps-ns timescale. Further, although subtle, one can see tpatribdluctuations of

the amides in the D-region of holo-A77V-TrpR are slightly less than holo-WT-TrpR
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Comparison Of Backbone Dynamics With Apo Forms

Comparison with apo-TrpR forms point out that the most notable backbone
dynamics changes occurring upon L-Trp co-repressor binding and ¢at tefit the L to
F and A to V mutations at residue position 75 and 77, respectivelytirapathe
dynamics transition from apo- to holo-repressors. Althougby)J(profiles, when
compared between the apo and holo forms of all three proteindevea significant
differences, comparison of the J(Qu8J profiles highlighted very protein specific
differences (Figure 31). For WT-TrpR, the J(@8Y profiles between the apo and holo
forms of the repressor were very similar for backbone anlmssged in the core-
helices of the protein, but were noticeably higher for amidesddaaithin the helix D-
turn-helix E domain of apo-WT-TrpR. This difference was also okskin the $order
parameters calculated for these residues. Thus, it is biak {Trp co-repressor binding
to apo-WT-TrpR induces dynamic changes in the helix D-tunx-Helamides. This
“stiffening” of the helix D-turn-helix E DNA binding domain of WTHIR as observed in
our N NMR relaxations studies is consistent with previous data hwhéported a
sequential stabilization of helix E and helix D upon L-Trp and DNA bigdo the
repressorZ0, 25).

In the case of L75F-TrpR, backbone amides located within theoebedices of
the repressor again displayed similar J(&§7profiles between the apo and the L-Trp-
bound holo state. Helix D amides in holo-L75F-TrpR also displayed uemyjas
J(0.8y) values to what had been observed in apo-L75F-TrpR (Figure 31B),tindica

that the rather rigid helix D in the apo-repressé9) (is not further stabilized or
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motionally restrained by L-Trp binding. Backbone amides in helix Eelew displayed
a drastic change in J(084) profiles between the apo and holo states of the protein.
J(0.8%y) values measured for residues 84-89 were significantly rlowepo-L75F-
TrpR. Upon formation of the holo-repressor, J(@87 values for these residues
decreased significantly converging to a uniform value of ~ 4 pshdidating that upon
formation of holo-L75F-TrpR, ps-ns motions experienced by helix i@esrare severely
restricted, rendering these amides motionally restrainedbsimimagnitude to backbone
amides of the core-helices. Interestingly, the’Sralues observed between apo- and
holo-forms in the D-E region of L75F-TrpR were similar. Howewdnen one looks at
the model selection best fit for helix-E, one can see that iagh€form several residues
were best fit with model 5 and 4, indicating very complicated anstiwhereas in the
holo-form many of these same residues were now best fit to rhafe?. This change in
model is consistent with these amides becoming more motionathaireed. Thus, the
data for both apo and holo-L75F-TrpR indicate that the Leu to Phe ansido a
substitution at residue position 75 imparts greater flexibititgelix E of apo-L75F-TrpR
compared to its wild-type counterpart, apo-WT-TrpR, and that uporplbihding the
flexibility seen in helix E of apo-L75F-TrpR is significantly reduced.

In contrast the J(0.84) and Jx(0) values measured for backbone amides of apo- and
holo-A77V-TrpR were very similar (Figure 31, bottom panel) indiigcptthat the
dynamics profiles of the apo- and holo-repressors are verylasimeven when
considering backbone amides located in the helix D-turn-helix E idoofidhe A77V-

TrpR mutant. This suggests that the apo state of A77V-TrpR almaulyates a set of
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conformations that mimic the predominant conformation of the holo reprdasrther,
the § order parameters showed no obvious difference between the two (fmms
comparable data points) and in general indicated a rigid core \slgghtiter motion in
the D-helix-turn region, and a rigid E-helix. Taken together tlesa suggest that the
backbone dynamics profile of apo- and holo-A77V-TrpR are similand hence we
conclude that the Ala to Val amino acid substitution at residueigosi? causes the
resulting TrpR variant to adopt the backbone dynamics profile afdtrepressor bound

(holo) form even in the absence of the co-repressor.
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MATERIALS AND METHODS

Sample Preparation

The *®N NMR relaxation experiments were conducted on unifortrily labeled
samples of apo L75F-, A77V-, and WT-TrpR, prepared in a manner stomaeviously
published protocols66). Briefly, uniformly **N labeled L75F and WT-trpR were isolated
from E. coli strains CY15075 and CY15071 transformed with the overproducing
plasmids pJPR2.L75F and pJPR2.WT, respectively. The strains wans gn M9
minimal media enriched with'INJNH4CI (99%**N enriched, CIL, Cambridge, MA) as
sole source of nitrogen.

A plasmid encoding for the A77V-TrpR mutant, pJPR2.AV77, was engiheere
using site- directed mutagenesis and pJPR2.WT as DNA templatierrolyi *>N- or
>N/C-enriched A77V-TrpR was isolated from CY15071 transformed with the
overproducing plasmids pJPR2.A77385). *>N/**C apo-A77V-TrpR protein was used to
obtain more complete resonance assignments than those currentlgblavdibm
published work 37). *>N/**C labeled apo-WT-TrpR was also expressed in CY15071 cells
to obtain a complete list dN/*H backbone amide resonance assignments recorded
under identical conditions as those used for the structure determioéteqwo-L75F-
TrpR (66).

The CY15071E. coli cell cultures were supplemented with 20 mL of a 0.2 M
unlabeled threonine stock solution per liter to compensate for théh&ddhis cell strain

cannot synthesize threonide novo. As a result, TrpR samples produced from CY15071
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bacterial cell growths lackedN- or *°N- and**C-labeled threonine residues, and signals
from these residues were unobservablé’hredited or**C-edited NMR experiments.
CY15071 cells transfected with either pJR2.A77V or pJR2.WR werergia M9
minimal medium supplemented witfiN-labeled ammonium chloride ardCe-labeled
glucose as source nitrogen and carbon source, respectively’N-o¥MR relaxation
experiments, protein samples were concentrated to ~1.2 mM (prptetomer
concentration) in an NMR buffer consisting of 500 mM NaCl, 50 mM ¥&€h, and

95% H0O/ 5% DO at pH 5.7.

Protein Purification

Mature cultures are placed on ice and poured into 250 ml centrifutiesband
centrifuged at 8,500 x g for 15 min. Each pellet is resuspende@ imllof 0.1 M
TrisHCI, pH=7.6 and 30 ul of 100mM PMSF. This results in about 90 ml of cell
suspension for a 2 L culture. The cell suspension is then broken byadaet French
press (external pressure 1300 psi). The lysate is then spun at 8,50026gnin and the
supernatant is collected. This solution is placed in a room teraperaater bath and a
20% streptomycin sulfate solution is added to 1% with gentlengtirihe water bath is
then slowly heated to 62°C on a hot plate and the solution is allovetana at 62°C for
5 min. The solution is then removed from the water bath and chilledediori@0 min.
The thick white precipitate that forms is centrifuged at 8,509 for 15 min and the
supernatant is collected. The mixture is then placed in an ibeahdtammonium sulfate

is added to 45% saturation with gentle stirring. After all thk lsas been added the



97

mixture is allowed to stir at 0°C for 30 min and then centrifuged at 12,500r1¢ fmin.
The resulting supernatant is collected and ammonium sutfaeded to 70% saturation,
and after equilibration, spun at 12,500 x g for 15 min. The supernatantasdéigécand
the pellet is resuspended in 25 ml P11 buffer (10mM NgR® 7.6, 0.1mM EDTA,
0.1M NacCl). The protein solution is dialyzed against P11 buffer (4 Linay& with
three changes of buffer.

A 1.5 x 20 cm column of Whatman P-11 cellulose phosphate, equilibrated in P1
buffer, is constructed following the manufacturers protocol. The zhdlyprotein solution
is loaded onto the column and washed with 20 ml of P11 buffer. The column is
developed using a gradient mixer with 120 ml P11 buffer containiatabaconcentration
of 0.15 M NacCl in the mixing chamber, and 120 ml of P11 buffer containitajah
concentration of 0.75 M NacCl in the gradient chamber. The column is ithnavilow
rate of 0.5ml/min collecting fractions every four minutes. Fractcmmaining protein, as
determined by 280 nm absorbance (>0.1) are run on SDS-Page gelsiogni&i%
polyacrylamide to determine purity. Contaminating protein bands ar®vesl by
generating a fresh P11 column and repeating the above procedure. fi@laons
containing L75F-TrpR are combined and dialyzed against NMR b&temM NaHPQ,
pH 5.7, 0.5 M NaCl) and concentrated by passing through Centrib&l2 Ynembrane

(Amicon), using a nitrogen pressure cell, to a final volume of 0.7 to 1.0ml.
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NMR Spectroscopy

Sequential'H, *N, *C backbone chemical shift assignments of apo-WT-TrpR
and apo-A77V-TrpR were conducted using uniforfity, *°N-labeled apo-TrpR proteins
dissolved in NMR buffer. Triple resonancéH( N, *C) multidimensional NMR
experiments were recorded at 318 K (45°C) on a Bruker DRX60@rspeter equipped
with a triple-resonance probe and triple axis pulsed field gradigwo-dimensionaH-
1>N-HSQC (70) spectra were acquired with spectral widths of 13 ppm irfthg,) and
30 ppm in thé®N (t;) dimensions, with proton and nitrogen carrier frequencies set to 4.7
ppm and 116 ppm, respectively. The NMR data were collected with 1024 and 128
complex points intand t, respectively, using a Waltz-181) pulse sequence scheme
for N decoupling during data acquisition. Sequenttd] >N and *C backbone
chemical shift assignments were extracted from a seriéstefonuclear’d, **N, *°C)
3D NMR experiments, including CBCACONHZ), HNCA (73), and HNCACB 74),
acquired with spectral width of 12 ppm (in th# ts), 67 ppm (in thé®C, &), and 30 ppm
(in N, t, dimension). Data were collected with 512, 128, and 32 complex poinfdin t
t;, respectively. All NMR spectra were processed using NMRPipg dnd analyzed
using the software program SPARKY6]. Similar apodization functions were used in all
spectral dimensions, using shifted sine bell functions.

Backbone amidé°N NMR relaxation experiments includifgN-Ty, **N-T,, and
heteronucleat®N-{*H}-nOe were also conducted at 45 in triplicates for all three apo
TrpR proteins using standard NMR pulse sequend@s {7, 78). In addition to

conducting experiments at 46, a triplicate series dPN-{*H}-nOe measurements were
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recorded on apo-L75F-TrpR at°g7 the non-permissive temperature of the temperature-
sensitive (ts) phenotype of the L75F-TrpR variant, to verify that'the{'H}-nOe
profiles observed at 4% (a temperature slightly above the°@permissive temperature
of the ts phenotype of L75F-trpR) are comparable to those recordedGt 37

>N-T, relaxation profiles were sampled at eight different relaratielay time
points of 40 ms, 96 ms, 200 ms, 400 ms, 600 ms, 1000 ms, and 1208Nfis.
relaxation profiles were sampled at eight different relaxatlelay periods of 8 ms, 16
ms, 32 ms, 40 ms, 64 ms, 80 ms, 104 ms, and 152 ms, with the delay bésveeneds
of ®N 180 degree pulses applied in the CPMG sequef®e0Q) set to 0.5 ms. For both
15N-T; and™N-T, measurements, the data were collected using 512 complex points in the
'H acquisition time dimensionyjtand 256 complex data points in 1l t; indirect time
evolution dimension, using a WALTZ-8N-decoupling scheme during data acquisition.
>N T, and % values were calculated from the series of NMR spectradnyinear
regression analysis of single exponential decays of resoirgrnsities. Errors in°N-T;
and™N-T; values were estimated by Monte Carlo calculat@i. (

15N-{'H}-nOes were measured using a water-flip-back 2D nOe pulse rsgjue
and the results corrected for the finite repetition delay acugrth the method of
Grzesiek and Bax7g). Heteronucleat®N-{'H}-nOe enhancements were established as
the ratio of peak intensities {JIfrom NMR data sets acquired with (I) or withouj) (I
solvent presaturation7®). *>N-{*H}-nOe spectra were recorded using 1024 and 256
complex data points in &ind t, respectively, using 48 scans peincrement. Theé>N-

{*H}-nOe experiments were recorded using a delay of 4.5 sec é&ewans to minimize
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the introduction of systematic errors in measured nOe valuesdblat be produced by
incomplete signal recovery and solvent saturatié8).(To minimize the impact of
magnetic field drift,"®N T, and *®N-{'H}-nOe data were collected in an interleaved
manner, while 2D"N-T, datasets were acquired consecutively using a list of shuffled

relaxation delay time points.

NMR Spectra Processing

All NMR spectra were processed using the NMRPipe/NMRDaad SPARKY
software {5, 76). Apodization was performed in both dimensions using a Lorentz-to-
Gauss window function, which consists of a combination of an inverse ex@irand a
Gaussian line broadening function. The purpose of applying a Lore@atiss
lineshape function (rather than sine bell functions) is to replacexponential decay of
the original data with a Gaussian decay so that following Fowaiesformation (FT), the
NMR signals adopt Gaussian-like lineshapes rather than Lorentmashapes.
Application of this particular linebroadening function (specitigdthe GM command in
NMRPipe and gand g input values) is necessary for accurate fitting of NMR signal
intensities using the nonlinear least square nlinLS function oRRide {5). Typical
values of g (the exponential term) and ¢he Gaussian linebroadening term) used for
processing of the NMR relaxation data for TrpR consisted, @ind g values of 10 Hz
and 15Hz, respectively for processing of théatquisition) dimension, and of gnd g
values of 6 Hz and 12 Hz, respectively, for processing of; (iredirect) dimension of the

2D 'H-"N NMR relaxation and®N-{*H}-nOe experiments.
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Data processing using NMR peak heights instead of peak volyre&ted
comparable relaxation analysis an-T, and*N-T, profiles. The two spectral analysis
approaches were used to establish that the final resultS\:&,, *>N-T,, and™N-{*H}-
nOe enhancement values) were insensitive to whether the “raw datsisted of
integrated intensities or peak heights.

Errors associated with determination’®f-T; *°N-T, and**>N-{'H}-nOe values
represented + one standard deviation between triplicate set®afurements. These
errors were consistent with those calculated by Monte Carlalations or spectral noise

estimates (in the case BN-{*H}-nOe measurements).

NMR Relaxation Analysis

Analyses of N NMR relaxation parameters were carried out using
FastModelFree&). This approach was used to analy2¢ NMR relaxation parameters
in terms of internal motions of amide NH bond vectors in the presence anisotraik ove
reorientation of the TrpR proteins as follows, and consisted ofdlt@ving steps: (1)
Acquisition and utilization of the molecular coordinates of the pnad& structure (i.e.
pdb coordinate files as determined by NMR; (2) Tabulatiol’NfT,, *°N-T,, and**N-
{*H}-nOes as a function of backbone amide (NH bond vector) residue nui®er;
Fitting of the principal components of the diffusion tensor of the madeased on 1T,
ratios and the protein molecular coordinates; (4) Determinatiomtefnal motional
parameters including: Generalized order parameters\@rall correlation time,, for
global reorientation of the molecule, internal correlation time®r N-H bond vector

motions, and chemical exchange contributiong)(B the relaxation based on Lipari-
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Szabo formalism as implemented in FastModelFree and as desarideddel et al. §3,
54, 59).

The NMR relaxation analysis consisted of first estimativegcorrelation time for
overall molecular reorientation from the mean of 10% trimmef,Tvalues and
determining the global tumbling parameters for the proteins fresh fit of these filtered
To/T, ratios 69). All six L75F, A77V, and WT Trp repressors yieldétN-T/T,
relaxation patterns consistent with an axially symmetric prataodel of diffusion, in

agreement with previously reported values for WT-Trg8.(
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RELATING DYNAMICS DATA TO TRPR BIOLOGY

Sequence-specific protein-DNA interactions are responsible farethdation of
key biological functions in the cell. All of these regulatoryhpeays are built on the
foundation that proteins are able to bind selectively to particulak Eité¢ in the genome.
TrpR binds to operator DNA in order to regulate the biosynthesisTop in E. coli.
Besides, TrpR controls the expression of four other operons by bindindicady to
them. Site-directed mutangenesis studies have identified two TgrRnts with
mutations L75F and A77V which show deviation in L-Trp and DNA bindinmiaiffs
from wild type TrpR. Highly meticulous studies involving biophysicat astructural
analysis have attempted to characterize the origin of thefsedites but could only
achieve limited success. This dissertation presents the chienatod® and comparison of
TrpR and two of its functionally opposite variants. The variants @articularly
interesting because their mutation sites are located only sitkieedistance apart and
they are both a result of single-site conservative amino acidiorutacated on the same
solvent exposed loop in TrpR.

Moreover, the TrpR system is particularly attractive to developnaierstanding
of such a sophisticated dynamic problem because so few comporeensedrto mediate
regulation in case of TrpR. and dynamics plays an equally impaméatas that of
structure in modulating its DNA-binding properties and biological foncfl9, 20, 22-
25). Despite a wealth of information about the biochemical and bio@iysioperties of
TrpR and of functionally altered TrpR variants, our understanding ah#ahanisms by

which internal flexibility modulates TrpR function is incomplete. Tdt@racterization
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and comparison of intrinsic disorder in the backbone of six differemtsfaf TrpR- apo
and holo forms- is our first step in exploring the hierarchyigdnd interactions and
understand which features of the interaction impart variations iphbeotype of these
three TrpR forms.

The functional site of TrpR includes a HTH motif and the turn sscpibetween
helices H2 and H3 of this motif is well known to not tolerate imsgrtions or deletions
as it has emerged to form more sophisticated motifs over evolutpitally, ththe HTH
region forms shoréi-helices when bound to DNA but appears to be disordered and exists
as solvent exposed loops in other states. In TrpR, these helicegghttar sequential
ordering by first binding L-Trp corepressor and folding heliariel then interacting with
its operator DNA to fold helix D. Given the significance assedawith their location
and the stepwise ordering during the binding events, it is easydecsubat even slight
changes in the sequence can disrupt the dynamics of this protEmsytowever, the
fact that perturbations (subtle but significant) are observed iohimical environments
of the regions considerably far from the mutation site suggjestshe nature of change
that could bring about such functional tweaks is more dynamical thactusal. This
dissertation presents an exhaustive analysis of the microdypaopierties of TrpR with
an aim to characterize the changes in dynamics that TrpR observes liesetmttations

in both apo and holo forms of the TrpR.
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Identification of Flexible Regions

Thorough analysis of the spectral density functiagé) and J(0.8®y) reveals
the presence of distinct dynamic subtleties specific to epotrepressor.4(0), which
reports variations in slower timescale motions, including overaleoutdr tumbling and
conformational switches, identifies regions near the C-termagabn of helix C of apo-
WT-TrpR to be undergoing slow@ss-ms conformational exchange which appears to be
absent in the TrpR mutants. In addition, low(d) and high J(0.8%,) values for
backbone amides in the HTH DNA binding domain of the apo-repressornsntdhét
helices D and E are highly flexible on fast ps-ns timescales with biléxihubs” located
at different sites within the helix D-turn-helix E region of leaapo-TrpR protein.
Altogether, these results are consistent with previous observaticaxdditional *H-'H
nOe connectivities for apo-L75F-TrpR compared to apo-WT-TrpR wdugigested that
helix D in the L75F-TrpR protein was more ordered (and in allihkeld less flexible)
than its counterpart in wild type TrpR6).

Notably huge differences in ps-ns dynamics were also observeddretire three
apo-repressors for NH bond vectors located within helix E. Helxides were found to
be motionally more restricted in apo-WT-TrpR than corresponding elamides of
apo-L75F-TrpR. Thé®N NMR relaxation parameters and spectral density data #malys
indicated that helix E amides of apo-L75F-TrpR have a signfificacrease in ps-ns
motional flexibility compared to the corresponding amides of apo-WRTN-{'H}-
nOe data collected at 37 (non permissive temperature of the apo-L75F-TrpR ts mutant)

displayed identical trends to those observed &€ 4&a temperature®@ higher than the
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42°C permissive temperature of the apo-L75F-TrpR ts mutant), enalding conclude
that the flexibility of helix E of apo-L75F-TrpR is not akd by a switch from the
permissive to the non-permissive temperature. Similarly, no changebackbone
dynamics of helix D amides were observed at the permissingerature (3T)
compared to their dynamic profile observed afC45These observations lead us to
conclude that the ts phenotype of apo-L75F-TrpR is not manifestacchginge in ps-ns
backbone amide dynamics of the protein’s DNA-binding domain at the tifereait
temperatures.

The integral interdependence of structure, dynamics, and functionelis
established for TrpR, especially with respect to the importancdisoirder-to-order
transitions observed for structural elements within the helix BHtetix E domain upon
L-Trp and DNA binding 24, 29). The lower*>N-{*H}-nOes and higher J(0.8%,) values
observed for backbone amides of helix D of apo-WT-TrpR support the nibtadn
sequential ordering of helices E and D upon L-Trp and DNA bindingssngial for

proper TrpR functionb).

The Requirement Of A Flexible Helix E

The adaptability of helix E for DNA binding is related to the iabiland indeed
the requirement, dictated by the DNA sequence) of TrpR to biadsaggle dimer at the
TrpR operator, but as tandem dimers at the other operators refgiien. In the absence
of L-Trp, TrpR cannot discriminate between operator and non-opdd&ids (binding
affinities are equal). However, in the presence of L-Trp,aipeDNA is bound ~200-

fold more strongly but non-operator DNA is bound no more strongly thabsance of
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L- Trp (82). Thus, it is clear that L-Trp enhances both the affinity spetificity of
TrpR/DNA interactions. Both apo-L75F-TrpR and apo-A77V-TrpR displésred L-Trp
binding properties that originate from dynamics differences/den the TrpR mutants
and WT-TrpR. Our studies suggest that modified dynamics should haagoaimpact
on the DNA binding and binding specificity properties of the apo-LV§R and apo-
AT7V-TrpR.

It is important to re-emphasize here that helix E holds spsmaificance to
TrpR, as it serves as the recognition helix which “identifiepérator DNA sites and
binds with the major groove of the DNA double helix in a “head-ortiitas In addition,
out of the five residues that hold the L-Trp molecule in its piat¢ke L-Trp binding site
of each protomer of the TrpR dimer (R54, T81, R84, L41’ and T44’), two (T8R&8AY
are located on the N-terminus of helix E. From our comparisofiNef *H}-nOe data
recorded at 4% vs. 37C, we infer that the ps-ns dynamics profile of apo-L75F-TrpR
stays consistent from 4% to 42C (permissive temperature). With this in mind, we
propose that the disorder-to-order energy barrier must be toorhigk ts TrpR mutant
to be overcome by L-Trp binding at permissive temperatures. Failure off&gfoIrpR
to generate a well-ordered helix E that may form appropcat¢acts in major groove

provides a rationale for the L75F-TrpR mutant’s phenotype.

Helix D Is “Intrinsically” Dynamic

Comparison between the apo TrpR proteins suggests that the amiddix @ h
are the most flexible in apo-WT-TrpR, where as the mutataingosition 75 and 77

result in restricted flexibility for apoL75F and apoA77V TrpRke apparent increase in
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a-helicity observed in aj-L75F-TrpR can be rainalized by the formation of a mo
ordered, less flexible, helix Iresulting fromthe leucine to phenylalanine amino a

substitution at residue position 75. Formation pfe-ordered helix D in af-L75F-TrpR
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Figure 34. Schematiof Flexibility Chenges Observed By TrpR:
The TrpR core is shown as one big cylinder andréagling heads from each protor
are shown as protruding from the core in colorslixHP is outlined as open gree

cylinders and helix E is outlined as short redryéir (open ar filled). Filled cylinders
represent helices with restricted flexibility astlof the core region and broken lir
represent helices observing high levels of flexipibn the picoseconds to nanoseci
timescales. Top row indicates changes in the -turn-helix region that take place as
result of the (functional-opposite) mutations and bottom row displays fldkibstates

of their Trp-bound holderms

possibly adds to the energy barrier precludingfthmation of a we-ordered helix Ein
L75F-TrpR upon L¥rp binding. In other words, the decrease in fléiib and
preordering of helix D (even though this helix remsaconsiderably more dynamic th

the core helices) provides a small additional epdarier to the sequential ordering
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helix E upon L-Trp co-repressor binding in apo-L75F-TrpR. Contrarhitoand in the
case of apo-WT-TrpR, helix E is the first to form into a wvdgfined a-helix upon
formation of holo-WT-TrpR Z1-24), which is later followed by formation of a well
ordered helix D upon complex formation of holo-WT-TrpR with cognalA(25).
Based on our results from studies reported here, we can thepefirgate that in apo-
L75F-TrpR, the pre-ordering of helix D (as inferred from tlgaainics studies here and
the observation of additional interproton nOes in its structure detdromn@6) may
interfere with the ordering of helix E upon holo-L75F-TrpR formatiohe Tecreased
flexibility of helix D amides could be a contributing factor ttte 10x weaker L-Trp

binding affinity of apo-L75F-TrpR compared to that of apo-WT-Tr8&.(

How Conserved Are Residues Leu75 And Ala77?

The functional variation at mutation sites L75 and A77 leads us tdiguésw
conserved these two residues are in other gram-negative haictexddition toE. coli.
BLAST searches conducted on the wild-type protein sequence anavahenutated
sequences showed surprising results. Although L75F mutation does isbineany
sequence of TrpR from other organisms, and leucine 75 is highly gedsat this
position of the HTH motif, the mutation A77V can be found in the natpisnce of
TrpR from several other gram-negative enterobacteria includitngbacter, Klebsiella,
Shigella, Providencia and Xenophabdii. The reason behind the super-repressor mutation
in these species is unclear in the absence of structuradlaioc and functional assays,
but can be presumed to be a result of evolutionary selectionBraoli to other gram-

negative bacteria, some of which include symbionts of higher ordmmiems like
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Plautia stali and nematodes which might have evolved to have a more complex system of

regulation of TrpR present in their cells.

Concluding Remarks

Consistent with the work of Jardetzky and co-worké&2),(backbone amides
located within the helix D-turn-helix E domain of apo-A77V-TrpR havenbabserved to
be more restricted in terms of ps-ns motions than their coun®ipagpo-WT-TrpR.
Helix E amides of apo-A77V-TrpR, are also less flexible tharctreesponding amides
of apo-L75F-TrpR. The overall decrease in flexibility of thaxhBl-turn-helix E domain
of apo-A77V-TrpR (i.e. decrease of internal motions on a widgeaf timescales as
observed in this work and that of Jardetzky and co-work¥rs39) suggests that the
ability of apo-A77V-TrpR to repress gene expression at lowp.€bncentration is made
possible by pre-ordering of its DNA-binding domain. The reducedmdigsaof the apo-
A77V-TrpR thus mimics more closely molecular characterigticthe holo-WT-TrpR.
Additional evidence for this comes from a close comparison of HSGbke two
proteins with A77V in its apo form and WT in its holo form which shoka 98% of
their NH resonance peaks in identical positions. Previous studies have also shole that t
ability of apo-A77V-TrpR to discriminate between operator and nomateDNA is
impaired when compared to WT-TrpRB3J. Our studies suggest that the reduced
flexibility of both helix D and helix E amides of apo-A77V-TrdRat the source of this
impaired molecular recognition function.

A comparison of the tumbling parameters obtained for all six (o and

holo) indicates that the TrpR variants do not differ globally from-WgR and possess
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very similar structural folds and diffusion properties aswiié type protein. No striking
changes were observed in the global diffusion properties on forntioolo samples
from apo either, i.e. the reorientation time and the anisotroffusion values were,
within the error bars, same between the apo and holo forms. Anafysie’>N NMR
relaxation data of the holo-repressors indicates that the backboide aynamics
profiles of the three repressors in holo forms are very similaus, the individual L75F
and A77V amino acid substitutions do not impact the holo-represses statmuch as
that of the apo-repressors. Backbone amides located withelices A—C and F that
form the core of the TrpR dimer are characterized by linpiedsecond to nanosecond
N—H bond vector motions and highvalues indicating that picoseconed to nanosecond
internal motions of core amides are restricted significantlgkBane amides located in
helix E of the HTH DNA-binding domain of the holo-repressors exhibrty similar
restrictions to picosecond to nanosecond motions andShigsiues compared to those
calculated for backbone amides in the carbelices, demonstrating that the internal
flexibility of helix E amides is as limited as that of camides. Interestingly, helix D
maintains some flexibility even in its L-Trp bound state in both 8d variant TrpR
forms suggesting the requirement of a short flexible scaffold belotient helix E into
the major groove of operator DNA and re-emphasizing the “intrilgidgnamic” nature
of the flexible D helix in TrpR.

Our studies corroborate that stabilization of helix E is a nigdes TrpR to be
able to bind DNA. These results also confirm that while TrpRn$oa well-ordered

structure in solution, it is highly dynamic. Based on these reaeltsropose a model in
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which apo-WT-TrpR samples a large distribution of ensemble populatassa
requirement for correct TrpR function and the two mutations veryysalfécting the
energetics of the protein to cause a redistribution of ensemble popsildn case of Leu
to Phe mutation at residue position 75, the distribution of populations yisskightly
altered with no obvious modulation of phenotype until the temperaturaissdr
However, the redistribution is noticed to be significant enough tsecéang range
perturbations. On the other hand, the Ala to Val mutation at 77 narrowmhdation
distribution of ensembles to mimic that of the L-Trp bound WT forms Tdhange
attenuates the requirement of L-Trp binding before DNA binding but mrmakes the
apo-TrpR lose its adaptability to recognize multiple operator DNA segsience

The change in dynamics brought about by single site mutations isutfece
exposed loop described herein highlight the exquisite sensitivity afiprptoperties to
changing only one side chain in the sequence. The present ssadyeaiforces the
importance of the intrinsic dynamic nature of helix D in TrpR \AAd variants. We
therefore conclude that TrpR can achieve proper function only sfabmprised of an
optimal amount of flexibility (encompassing motions on a wide rarfigenescales) and
minor dynamics perturbations especially in the helix D-turn-h&iXDNA binding

domain of the repressor can prove detrimental to the protein’s function.

Future Work And Proposed Experiments

We have obtained the backbone dynamics profiles of TrpR and itscoaltyi

different mutants and have thoroughly analyzed and compared them to urdi¢ngta



113

origins of their unusual binding properties. Now, we need to move our foctiget
dynamics of side chains in order to get complete site-byrséipping of internal motion
details in the three different protein (mutant) forms. TrpR &ilfdll structural
requirements to display co-operative L-Trp binding. There is ailplitysthat upon

binding of L-trp to one monomer subunit, the signal does get transferrdwe other
monomer. But instead of staying in the main chain dynamics, thalsigssipates out
through the side chains of its residues. We should be able to chaeathes type of
dynamical change by characterizing side-chain of TrpR residlles main chain
dynamics reported here have successfully identified dynamitgekafrom the mutant
forms and clearly reinforce that the direction of change in sid@n dynamics can
provide more information which should educate us about the differencarifutietions

thoroughly.

There are evidences that ligand-binding events may not netessadorrelated
to motional changes in backbone atoms. Keeping this issue in mind,tehaedion of
TrpR and its mutants for their side-chain dynamics using NM&kagbn methods that
report on the internal motions of sidechain deuterons or methyl grogmétg should
be performed to reveal better insights. Methyl groups areicpiaty useful to
characterize the dynamic properties of proteins because theyintigh-frequency, are
often widely distributed throughout a protein’s structural scaffold, @&e often the best
dynamics probes of motions taking place in the hydrophobic core pfogein.

Amplitudes of methyl group motions are described by the order psraowresponding
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to the symmetry axis of the methyl groufa,@which provides a measure of the degree of

reorientation of the -C-Ctarbon bond53, 84, 85)

Experiments To Study Side-chain Dynamics

We will utilize H- and **C-based NMR relaxation approaches which require
uniformly **C-labeled and random fractional deuteration at ~50%, to charactbeze
dynamic properties of methyl and methylene sidechains of L75F,aM¥ A77V-TrpR.
The NMR approach will involve examining the relaxation profiles nofilti-spin
coherences involvingH, *C, *H followed by obtaining puréH-T; and T relaxation rate
constants. For methyl groups and following the generation of three-spierence
(1.C,D; or I,C,Dy), relaxation time decays for individual methyl groups areaeid by
monitoring the decrease in resonance intensities in*¥D'H correlation spectra
recorded at increasing values of the variable relaxation d8&y A third relaxation
experiment is also recorded to measure the relaxation oatidnd two-spin coherence
I.C.. The latter is then substracted from the relaxation ratdéthree-spin coherence to
yield pure®H longitudinal and transverse relaxation rates for the lone deutertre of
CH.D methyl moiety 86).

Relaxation of sidechain deuterons is dominated by quadrupolar interactions
denoted by @Q/h) and best described by the following functional forms of the sdect
density function 1{) (87):

L/T1(°H) = 3/16 (qQh)’ [J(@(*H)) + 4J(20(°H))]

1/T,(H) = 1/32 (8qQ)? [I(0) + 15J6(H)) + 6J(2(H))]
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From these relationship¥ relaxation time constants are analyzed in terms of dymé&mic
parameters using the model-free lipari-szabo formalism afdi tyie order parameteré S
and internal correlation times (53). Full analysis ofH methyl relaxation data should be

conducted according to published protoc8 86).
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BACKBONE DYNAMICS OF E73, A HYPERTHERMOPHILIC PROTEIN

Introduction

One of the best represented and studied crenarchaeal virtiseBuselloviridae
viral family. Fuselloviridae viruses have been isolated frondiac(pH < 4) hot
(Temperature > 76C) springs throughout the world. Their genetic and morphological
diversity is reflected in their gene products, as only a sfraition of the open reading
frames (ORFs) encoded by these viral genomes displayisagitisequence similarity to
functionally well-characterized proteins. Best representatiieshe Fuselloviridae
include Sulfolobus spindle shaped virus-1 (SSV-1) a8dlfolobus spindle shaped virus-
Ragged Hills (SSV-RH). The genome of SSV-RH codes for 37 QR&tsare closely
similar to those encoded in SSV-1 genome. The names of the ORFe igehomic
sequence and corresponding protein in these viruses are derivedrfeonof 6 reading
frames (A-F), and number of encoded amino acids. Despite extdmaslogical studies
on Sulfolobus and SSV crenarchaeal viruses, little is known about the structures,
dynamics and functions of these proteins contained within the open gefrdmes
(ORFS) of the SSV genomes.

Toward this goal, we have undertaken study of 3D solution structure and
backbone amide dynamics of E73, a 73-residue homodimeric protein encated wi
SSV-RH’s genome and demonstrate its dsDNA binding capabilitiesgé#nt of analysis
mainly done by Casey Schlenker and Dr. Brian Tripet in our group)oVéell three-

dimensional fold of E73 consists of a tightly intertwined dimehwite N-terminalp-
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strand of each E73 subunit interacting together to form a shquageaitel 3-sheet. This
antiparallelp-sheet packs together against helices H1 and H2 (andnd1H2 of E73’s
second protomer) to form a canonical ribbon-helix-helix (RHH) dorfagure 34). A
sharp turn connects E73sstrands to helix H1. The solvent exposed loop (L1) connects
helices H1 and H2. In addition to this typical RHH fold, the strectfrE73 presents a
3 helix to the standard RHH fold which creates a structurétl distal to the antiparallel
B-sheet of E73's RHH domain. The loop (L2) bridging helices H2 andckates the
upper ridges of this shallow and V-shaped distal cleft of E73x H# wraps around
helix H2" outside of, and opposite of, the face where add H2" interact. This
positioning essentially clamps H2" of one protomer between thenH243 helices of the
second protomer (and vice versa), resulting in a tightly packed amthimed E73 dimer
(Figure 34). The precise role of E73’s nucleic acid binding functiostilisnot fully
understood. Superpositional docking of E73 on structurally homologous proteins suggests
a DNA-binding function for E73 mediated through residue side-chaintetboaajorly in
the B-sheet region of E73. As part of our ongoing efforts to better uanersie
mechanisms of nucleic acid recognition in this system and torgame insights into
thermal adaptation of this protein, we have undertaken a detailed Ny of the
backbone dynamics of E73 in the absence of nucleic acid ligand™Nheelaxation

studies reported below complement the solution structure analysis by providingcevide
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Figure 35: Solution tructure of E73: Ribbon representation of the fiesterg-
minimized NMR structure. The two respective chahghe homodimer are colored gr
and purpleThe secondary structure elements are labB1l (beta sheet; residues 11
16), H1 @—helix 1; resdues 18 to 32), H2ofhelix 2; residues 35 to 53) and |
(a—helix 3; residues 57 to 71). The symbol “ * ” deasthe second protomer chain. |
the one protomer chai-helices are colored purple, tBesheet is yellow, turn regiot
are white and the disdered region cya

for internal motions located at functionally impant sites of unliganded E73,

discussed later in this dissertati

15N Relaxation Experiments

Backbone amid®>N NMR relaxation experiments includifgN-T, *N-T,, and
heteronucleat°N-{ *H}- nOe were conducted in duplicates on a Bruker DRB BIHz

spectrometer using standard NMR pulse seque(47, 77, 78) at 312 K and a pH of 5.
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>N-T; relaxation profiles were sampled at eight different relaradelay time points of
40 ms, 96 ms, 200 ms, 400 ms, 600 ms, 1000 ms, and 120WNATs. relaxation profiles
were sampled at eight different relaxation delay periods of,8l6ims, 32 ms, 40 ms, 64
ms, 80 ms, 104 ms, and 152 ms, with the delay between the seffds 180 degree
pulses applied in the CPMG sequence set to 0.57818). For both™N-T; and*N-T,
measurements, the data were collected using 512 complex poihis'id acquisition
time dimension ¢ and 256 complex data points in th&\ t; indirect time evolution
dimension, using a WALTZ-16°N-decoupling scheme during data acquisitibhl-T;
and™N-T, were calculated from the series of NMR spectra usigpgparameter single
exponential decay function of:
I(t) = I exp(-t/Ty.2) (28)
where I(t) is the peak height after a delay of time t gmslthe height at time t = 0.
Heteronuclear®N-{*H}-nOes were measured using a water-flip-back 2D
heteronuclear nOe pulse sequence and the results corrected fioit¢heepetition delay
according to the method of Grzesiek and B&3).(For each residue amid&N-{ H}-
nOe was established as the ratio of peak intensitig} ffldin NMR data sets acquired
with (1) or without (b) solvent presaturatior78). *>N-{*H}-nOe spectra were recorded
using 1024 and 256 complex data pointsyiartd §, respectively, using 48 scans pger t
increment.  The"™N-{'H}-nOe experiments were recorded using a delay of 4.5 sec
between scans to minimize the introduction of systematic emarseasured®N-{H}-
nOes that could be produced by incomplete signal recovery and solugatisa {8).

To minimize the impact of magnetic field driftN T, and **N-{’H}-nOe data were
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collected in an interleaved manner, while 2N-T; datasets were acquired consecutively

using a list of shuffled relaxation delay time points.

NMR Relaxation Data Processing

All relaxation data were processed using the NMRPipe/NMRD{&} and
SPARKY software §5). Apodization was performed in both dimensions using a Lorentz-
to-Gauss window function, which consists of a combination of an inversanential
and a Gaussian line broadening function. The purpose of applying ati-tweGauss
lineshape function (rather than sine bell functions) is to replecexponential decay of
the original data with a Gaussian decay so that following Fauaiesformation (FT), the
NMR signals adopt Gaussian-like line shapes rather than Lonentmashapes.
Application of this particular line broadening function (specifiedh®yGM command in
NMRPipe and gand g input parameters) is necessary for accurate fitting of NdgRal
intensities. Typical values of;g(the exponential term) and, dthe Gaussian line
broadening term) used for processing of the NMR relaxationfolat&/3 consisted of;g
and g values of 10 Hz and 15 Hz, respectively for processing oftlfactjuisition)
dimension, and of;gand g values of 5 Hz and 12 Hz, respectively, for processing of the
t, (indirect) dimension of the 2EH-">N NMR relaxation and®N-{*H}-nOe experiments.
Errors associated with determination'dfl-T; **N-T, and**N-{*H}-nOes represented =+
one standard deviation between duplicate sets of measurements USIREKYSIPG5).

Typically, these error were on the order of 2.5%o-T; and*>N-T,, and 4% for*>N-
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{'H}-nOe. The relaxation parameters of E73 have been deposited t/RB Bnder the

Accession code 17069.

Derivation Of Dynamic Parameters

The characteristic timescales of the motion contributing toxa&tan were
assessed employing the reduced spectral density mapfn®2) according to the
following relationships described by Bracken et &8)(

onH = Ri(nOe-1yn/yn

J(0.8Ton) = donn /(5F)

J(on) = [4R: -5onn 1/[3d? + 47

L#(0) = [6R: -3R; -2.720\4]/[3d? +47
where d = hynyn/81%)(r®) and ¢ =onAc/V3. yn andyy are the gyromagnetic ratios of
the 'H and °N nuclei, respectivelymy and oy are the Larmor frequencies, r is the
internuclearH-">N distance (1.02 A), ands is the’®N CSA (-160 ppm). The subscript
in 1#(0) refers to an “effective” J(0), which is uncorrected for clsairexchange effects
(63, 88) and R and R represent the relaxation rates calculated by inverting the
respective relaxation time constantsahd .. Reported error bars were calculated from
propagation of experimental errors determined for the meaSiet,, °N-T,, and*N-
{*H}-nOe series.

The effective rotational correlation time at each residgewas obtained from

the spectral density functions using the following equatai (

= on" [[Jei(0) - Ien)) / Ion)] (29)
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The N NMR relaxation data were also analyzed using FastModzI®&, an
interface to ModelFree 4.51), which is based on the model-free approach of Lipari-
Szabo 53, 54), and analyze§N NMR relaxation parameters in terms of internal motions
of NH bond vectors in the presence of anisotropic overall diffusioheoptoteins. An
initial estimate of the correlation time for overall moleculgorientationg,, was
obtained from the mean of 10% trimméW- T./T, ratios (pre-screened using the
method of Nicholson et ab8) and Pawley et ab{)). An axially symmetric model was
chosen over isotropic and totally anisotropic diffusion models as indideden the
relative moments of inertia for E73 using pdbinertia (Art Palm&ll) FastModelFree
calculations were performed as described by Mandel e53154, 59) to yield internal
motional parameters, including §eneralized order parameters, internal correlation time
for N-H bond vector motionge, and chemical exchange contribution to the relaxation,

Rex-

Backbone Dynamics Of E73

A complete set oFN Relaxation data (T T, and*>N-{*H}-nOe — see Figure 35)
was measured for a total of 58 out of 70 assigned non-prolirtkieeamides (Table 26).
Data for the remaining 12 residues was excluded from alllegilens due to overlapped,
very weak or missing correlation peaks. The 10% trimmed mearnsvalt®N-Ty, °N-T,
and **N-{*H}-nOe were 741.0 ms, 75.4 ms and 0.71 respectively. The relaxation time
constants of amides on the N- and C-termini were higher thaofrést protein which is

typical for the terminal ends of the protein undergoing rapid motiéffsle the'N-T;
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times were about the same throughout the polypeptide sequence, tesediB32 and
R33 show exceptionally highN-T; values approaching those of the terminal amides in
magnitude and were noticed to have the high®ét To/T, ratios across the complete
residue sequence of E73 (see Figure 35). High nOe values (wé&)recorded for
~70% of all 58 residues indicating low flexibility of E73 amides ast timescales (ps-
ns). Relative moments of inertia for the E73 molecule wereulzdéd to be 1:0.97:0.85
suggesting an axially symmetric type of diffusion. Based on the cosopast reduceg®
and F-statistic values, the axially symmetric model of #%#&8 identified to fit best with
an oblate ellipsoid-like diffusion profile, yielding a/D,ratio and global rotational
correlation time 1) of 0.89 and 9.8 ns, respectively.

Data analysis was performed using the reduced spectral derapying which
provides an assessment of protein dynamics with no assumptionshasniture of the
molecule or its dynamic behavior. The reduced spectral densitydongt(0), Jn) and
J(0.8%y) were calculated for each residue in E73 using relaxatios aatg nOe values
measured at 14.1 T. Figure 36 shows the three spectral densitprisn@ibtted against
the residues. The d() function plot is fairly uniform for residues K11-F69 with rare
spikes observed at the three loops connecting the secondary strieteats of E73.
Jf(0) shows slight but significant difference between values inHheand H2-H3

regions. The N-terminal arfill residues have low values and the H1 residues have
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Figure 36. Relaxation Parametet3N-{*H}-nOe And **N- T4/T, Ratios Measured For

E73 At A Magnetic Field Strength Of 14.1 T Plotted Against Resitlugnber.
Secondary structure elements are depicted above each plot (&ylmdehelices and
arrow =pB-strand). Error bars in (A) represent £ one standard deviatiorebatduplicate

sets of measurements.

slightly higher values ofed(0) and the values decrease along the sequence. From residue
D34 on, J(0) becomes constant until the last three residues when the whldgf0)

drops again. Ten residues- Y21, T23, K25, L26, S28, V29, N32, R33, V44 and M45
show exceptionally large.{0) values recorded to be higher than one standard deviation

from mean calculated for residues K11-F69 indicating significemiformational

exchange motions occurring on slower timescalegissims. Within the same region,
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residues L14, A15 and L54 show elevated (greater than one stand@atiodefrom
mean) J(0.86y) and reduced (smaller than one standard deviation from mg#@) J
values compared to the rest of the protein. In contrast, more resithraely Y21, K25,
L26, V29, N32 and R33 show higheg®) and concomitant lower J(0.84) indicating
that slower motions contribute significantly to relaxation in E73.
The calculated spectral density functions were also used tmagstithe effective
correlation timegn,, at each residue of the protein by using equation (29) and thgavera
correlation time was calculated to be 9.7 ns which is in good ragreewith the value
obtained from FastModelfree (9.8 ns) and suggests that E73 exitdiaer at solution
conditions used in these studies.

E73 backbone dynamics were also analyzed by estimating thetumlapbf
motion(s) occurring at each residue amide site. In order toureettee motional intricacy
at each of these sites, empirical models of motion were usét redaxation data to
calculate the amplitude of motion experienced by the amide NH botal wet¢he form
of generalized order parameter’ 8sing FastModelfree6@). To achieve this, we
considered five different dynamic models of motion using the methggabMandel et
al (59) which defines the five models and their motional parameter$1psS only,
negligible effective NH bond correlation timg, and conformational exchange ratex R
(or Rexer); (2) S andre only, negligible R, (3) S andan Ry term; (4) $, e and Ry; and
(5) Separation of internal motions on two timescales differiog feach other usually by

an order of magnitude incorporating an additional order paramétier &st timescale
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Figure 37: Spectral Density Functions At Qw37 oy And O Frequencies Obtained From
>N Relaxation Data Measured For E73 At A Magnetic Field @1 T Plotted Against
Residue Number (A, B and C). Dotted lines represent spectral ydevaities
corresponding to = one standard deviation. Secondary structure elesnerdepicted
above each plot (cylinders ehelices and arrow $-strand). Error bars indicate the
uncertainties propagated frofN relaxation data.

and § (= S) for slow timescaler. = 1. Although credibility of projections from this
analysis could be somewhat weak due to the limitation of retexakata obtained at

single field strength, strong correlations can be drawn fromotheomes of the two

essentially different approaches. About 40% residues fit with models 3 and 4
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Figure 38. Conformational Exchange.{RAnd Order ($) Lipari-Szabo Parameters Of
E73 Plotted Against Residue Number. The dotted line dgnplt indicates mean K
value plus one standard deviation. Secondary structure elements ateddapave each
plot (cylinders =a-helices and arrow 8-strand). Error bars indicate the uncertainties in
>N relaxation data.

corroborating that E73 dynamics is governed by slower tineso®otions and
identifying residues S28, V29, N32 and R33 to be undergoing conformatiarrenge,

as previously inferred from their spectral density functions t@oady, the dynamics
profile of E73 resembles with that of a rigid protein with almost no residues) fitiith

model 5 in the residue stretch K11-F69 and exceptionally Hglal8es (> 0.92, mean

value 0.97) observed for all residues fit with simpler models 1 and 2.
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Discussion

E73 belongs to the Ribbon-Helix-Helix (RHH) family of proteind tiepresent a
diverse and large family of proteins used to typically reguledascription of genes
throughout all kingdoms of life including Prokarya, Archaea, and virusaasg@riptional
regulator proteins often need flexible domains to interact andtamaia temporal
regulation. This typically requires a protein machinery to allo@wements on different
timescales on different locations of the protein. One of the n@aoposes of this
flexibility is to control the diffusion rates of protein on and o DNA and to make sure
the transcription cycle duration is completed before cell multiplication.

The backbone dynamics of E73 as observed from*NeNMR relaxation
experiments shows that E73 has an extremely rigid core. Then®sah its core are
highly restricted to fast timescale motions. This could suggeBhe-tuning step of
reduction in the intrinsic motions of its core segments. A direcpeaoison of backbone
dynamics at lower temperature has not been possible due to tlué tsxkuence matches
for E73 outside the Sulfolobus kingdom which limits our search and hdmee t
comparisons with any mesophilic counterparts of this protein. Howeweclose
comparison with another study of TrpR reported in this text suggdwstt E73
experiences reduced flexibility overall. This could be a resutatiral selection towards
getting a rigid core to survive in the extreme conditions tB8V-RH inhabits.
Altogether, the backbone amide dynamics provides evidence for fasttpaescale NH

bond vector motions in the proposed DNA-binding domain and motions on a sigwer

ms timescale for residues in loop connectingelices H1 and H2.
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Flexible Regions Of E73

The analysis of the flexibility of backbone amides of E73 does reoeafincing
results that indicate pockets of flexible regions located onsthesture of E73. For
convenience, let us consider the structure in three different segriéet first segment
consists of the N-termingd-sheet and is proposed to have a DNA binding function. The
second segment consists of a hydrophobic core which holds the functidsabpgather
and the third segment consists of the cleft and the ridges formebebthird helix
wrapping on top of the rigid core of the protein. This segment is a putativactnersite
for another partner. There are two flexible regions observedthrerhackbone dynamics
studies that connect the three domains of E73.

With these backbone dynamics studies, we could identify flexible otwated
in the regions that could be helping the three domains co-ordinateeacth other or
could be responsible for enhancing the functional features of the dahssnselves.
Besides the N- and C-termini, the region that experiences hgjhtifaescale (ps-ns)
motions is the3-sheet which strengthens our prediction of ikgheet functioning as the
DNA binding site of E73. Two other regions that possess high fasstiale motions,
although to a lesser extent are the short loop connecting H1 witimdHtha N-terminal
side of the long loop connecting H2 with H3. The hypothesis in supportsofetilt is
that the three domains need to synchronize their movements in orperfdon DNA
binding. The only way they can do so is by having a fast timesgaamics in the3-
sheet which imparts it sufficient entropy to diffuse into tHéADmajor groove. On the

other hand, the hydrophobic core requires only minimal amounts of flexiwitich is
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provided to it by slight fast timescale motions in loops connecdhiadelices potentially
modulated by slow timescale motions in the C-terminus of H1 aadtéhter of H2.
These slow timescale motions particularly seem to be impodpimnize diffusion
kinetics of the DNA bindings-sheet and the highly positively charged top cleft with their
binding partners. A recent mutation study performed by Dr. BFigmet provides some
support for this hypothesis. It was observed that K61E mutation in Egrficantly
perturbs the chemical shifts of tResheet resonances. This suggests that any change in
the chemical environment of the top cleft of E73 transmits longe@erturbations to the
-sheet rearranging the proposed DNA binding site of E73. It atsod@s evidence for
a model where E73 undergoes an activation step of binding with aacinber partner to
be able to perform DNA binding function. Whether this activation galleged by the
host or the virus or both still remains a mystery to us and weldl rierther studies to be

unraveled.
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APPENDIX A

SUPPLEMENTAL INFORMATION



Table 3 — Chemical Shift Assignments (in ppm) Of Apo-WT-TrpR.

Residue

Metl
Ala2
GIn3
GIn4
Ser5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GInl14
Argl5
His16
GIn17
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31

L

8.46
8.36

7.93
7.91
8.32
8.09
7.99
8.11
8.2

8.15
8.29

8.36
8.44
8.11
8.01

7.87
7.85
8.09
8.18
8.26
7.53
7.75
8.94
8.46
7.45

15N

122.08
118.28

119.08
116.98
126.28
121.78
118.38
123.18
119.38
120.58
118.28

118.28
120.18
122.08
117.28

120.58
119.38
121.38
124.08
119.38
120.58
116.68
126.18
119.18
117.28

140

C(X

56.41
55.89
56.17

57.88
58.54
53.94
54.22
56.86
54.63
58.52
58.37
58.32
56.39
59.25

59.37

62.06

57.83
54.29
57.52
60.06
56.12
55.43
61.13
58.2

30.28
30.11
63.75

38.82
64.07
19.05
19.23
32.72
18.91
29.69
28.37
30.52
30
28.32
27.78
29.57
29.74

37.68

41.66
43
40.51
32.4
39.17
17.71
38.26
28.73



Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glue0
Leu6l
Leu62
Arg63
Gly64
Glueb
Met66
Ser67
GIn68
Arg69
Glu70

7.35
7.94
8.32
9.03
7.39

7.94
8.9
8.2
7.53
8.1
7.83
-0.02
-0.02
8.07
7.57
7.87
7.85
7.95
8.09
8.24

8.56
7.86
7.26

8.08
8.46
8.25
8.79
8.3

8.25
7.77

8.43
8.48
8.58
8.11
7.86

115.48
117.38
117.68
120.68
119.38

119.58
120.48
116.78
119.28
113.58
117.68
-0.12

-0.12

114.68
122.68
118.08
117.48
122.08
119.28
104.78

121.08
119.08
119.58

119.08
119.48
116.18
122.88
119.68
118.68
104.48

119.28
117.38
120.68
118.88
119.68

141

53.36
56.42
53.75
59.57
59.52

58.15
58.58
54.8
57.47
56.12
53.66
2.52
2.52
57.08
59.18
60.4

55.56
58.76
47.47

60.4
67.14
58.71

58.54
57.61
57.66
59.15
46.71
57.51
56.12
57.96

58.59
57.76

40.36
39.56
43.74
28.76
38.02

42.17
42.05
38.24
43.05
33.55
44.91
2.52

2.52

40.46
29.91
30.69

17.93
41.07

30.59
31.57
29.2

29.1

42.07
42.47
30.71

30.98

34.43
65.14

30.25



Leu7l
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
le82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glul01
Glu102
Vall03
LeulO4
LeulO05
Lys106
Serl07
Aspl08

9.67
7.28
7.99
8.7

7.51
8.83

7.44
7.93
8.32
7.11
7.22
8.1

7.94

142

63.58

42.03
32.55
19.6

17.84

31.75
28.56
42.27
32.57
28.63
28.88
42.81

28.59
32.35
42.93
41.51
32.84
64.36
42.2
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Table 4 — Chemical Shift Assignments (in ppm) Of Apo-A77V-TrpR.

Residue y BN c* c
Metl - - - -

Ala2 - - - -

GIn3 8.29 119.88 56.19 29.77
GIn4 8.45 122.08 56.14 29.8
Serb 8.33 118.48 - -
Pro6 - - 63.67 31.87
Tyr7 7.94 118.98 57.93 38.71
Ser8 7.92 117.18 58.42 63.96
Ala9 8.32 126.28 53.81 18.67
Alal0 8.09 121.68 53.95 18.86
Metll 7.99 118.38 56.79 32.54
Alal2 8.12 123.18 54.48 18.78
Glul3 8.2 119.38 58.57 29.46
GInl14 8.17 120.58 58.61 28.62
Argl5 8.31 118.18 58.43 30.38
His16 - - 55.86 29.45
GInl17 8.36 118.28 59.01 28.82
Glul8 8.44 120.18 59.64 28.76
Trpl9 8.13 122.38 59.58 29.21
Leu20 8.03 117.78 57.92 41.4
Arg21 7.97 119.38 59.53 30.44
Phe22 7.88 120.48 62.02 37.54
Val23 7.82 119.18 66.87 31.08
Asp24 8.05 121.28 57.31 41.49
Leu25 8.22 123.98 57.83 41.94
Leu26 8.23 119.18 57.41 41.3
Lys27 7.51 120.58 59.78 32.12
Asn28 7.75 116.68 55.88 38.97
Ala29 8.95 126.18 55.84 17.66
Tyr30 8.44 119.28 61.84 38.06

GIn31 7.44 117.18 58.07 28.41



Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glu47
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70

7.36
7.93
8.31
9.03
7.4

7.89
8.91
8.22
7.57
8.08
7.88

8.09
7.54
7.85
7.77
7.93
8.09
8.24

8.6
7.89
7.24
8.2
7.98

8.32
8.93
8.27
8.32
7.62
8.57
8.61
8.78
8.84
8.16
7.64

115.48
117.28
117.78
120.78
119.48

119.08
120.68
116.98
119.48
113.88
117.88

114.58
122.68
118.18
117.68
121.98
119.28
104.98

121.38
119.08
119.38
117.98
118.18

114.88
124.28
119.58
119.38
102.48
121.38
118.98
118.58
120.28
117.68
119.38

144

53.16
56.22
53.59
59.48
59.85
65.37
58.68
58.73
54.84
57.1
55.88
53.69

66.42
56.75
59.02
60.2
59.38
55.34
58.73
47.54

60.59
67.19
58.37
66.42

60.25
57.67
57.93
57.46
59.48

57.32
55.82
57.39
60.67
59.26
59.16

40.35
39.93
43.4

28.62
37.81

30.6

41.41
41.62
37.99
42.82
33.18
44.95

31.43
40.29
30.14
30.31
29.45
17.77
45.35

30.58
31.24
28.78
37.84

29.69
29.1
42.1
42.5
30.8

31.24
35.41
65.06
28.38
30.11
30.01



Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glui01
Glu102
Vall03
LeulO4
Leul05
Lys106
Serl07
Aspl108

145

58.04
59.51
55.62

54.92
46.88
58.72
44.9

42.6
31.8

38.76

43.19

31.49
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Table 5. Chemical Shift Assignments (in ppm) For Holo-WT-TrpR.

Residue HY
Metl -
Ala2 -
GIn3 8.19
GIn4 8.45
Serb5 8.35
Pro6 -
Tyr7 7.93
Ser8 7.92
Ala9 8.33
Alal0  8.09
Metll 7.99
Alal2 8.11
Gluli3 8.21
Gln14 8.17
Argl5 8.36
His16 8.39
GInl17 8.35
Glul8 8.47
Trpl9 8.11
Leu20 8.04
Arg21  7.95
Phe22 7.8
Val23 7.8
Asp24  8.08
Leu25 8.14
Leu26 8.26
Lys27  7.53
Asn28 7.74
Ala29 8.93
Tyr30 8.44
GIn31 7.44

error

0.01
0.01

0.01
0.01
0.01
0.01

0.01

0.01

0.01
0.01

0.01

0.01

0.01

0.02

0.01

0.01

0.01
0.01

119.38
122.08
117.98

118.98
117.28
126.18
121.38
118.38
122.98
119.28
120.68
118.48
118.58
118.08
120.28
122.28
117.68
119.68
120.18
119.28
121.28
124.08
119.28
120.68
116.58
126.18
119.08
117.08

0C0P0P000PpPoPo0oo0oPCo0o0oCPo00°

o
(€3]

o
N

54.75
57.09
56.04
56.66

64.09

58.36
58.72
54.11
54.15
56.95
54.49
58.88
58.7
58.71
56.27
59.2
59.52
59.56
57.76
59.87
62.2
63.93
57.64
58.48
57.39
60.3
56.25
56.07
61.95
58.3

error

0.14
1.06
0.13
0

0.1

0.24
0.35
0.15
0.1
0.21
0
0.05
0.33
0
0.07
0.29
0.26
0.11
0.02
0.21
0.26
5.61
0.13
0
0.29
0.19
0.18
0.01
0.23
0.21

c Error
1891  0.07
20.94  0.18
290.95 0.18
637 O
3214 011
39.01 0.13
64.32  0.06
19.02  0.09
19.02  0.07
32.67  0.09
1891 0
2091 0
28.76  0.09
3027 0
29.27  0.01
2881  0.19
28.94  0.26
2032 0.1
40.76  0.02
30.25  0.08
378 017
3142  0.18
4171 013
4291 0.4
4058 0.12
3258  0.12
39.28  0.08
17.86  0.06
3823  0.23
2871  0.16



Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glueb
Met66
Ser67
GIn68
Arg69
Glu70

7.36
7.94
8.32
9.08
7.46

8.03
8.92
8.21
1.77
8.68
7.64

7.99
7.81
8.15
1.72
8.05
8.11
8.04

8.68
7.8
7.16

8.49
8.68
8.28
9.05
8.29
8.33
7.66
7.98
8.65
8.73
8.81
7.6
7.67

11548 O
117.18 O
11768 O
120.88 O
11938 O

119.78 O
120.78 O
11798 O
119.08 O
11428 O
11578 O

11468 O
122.78 O
117.88 O
11738 O
12188 O
118.78 O
13398 O
12158 O
118.38
118,98 O
118.78 0.04
119.18 O
115.08 O
12418 O
119.38 O
119.18 O
132.78 O
119.48 0.
119.08 O
118.18 O
120.28 O
117.38 O
11948 O

67

53.37
56.53
53.9
59.78
59.58
65.74
58.92
54.52
55.13
58.22
56.31
54.02

66
56.82
60.07

60.51
59.53
55.48
58.84

61.2
67.39
58.26

68.23
60.65
57.97
58.46
58.11
46.31
57.89
56.35
60.22
59.58
59.81
59.28

0.21
0.14
0.06
0.19

0.09
0.18
7.11
0.13
0.01
0.28

0.13
0.17
0.69
0.72
0.16
0.1

0.41
0.27
0

0.22
0.21
0.29
0.28
0.87
0.87
0.12
0.15
3.78
0.56
0.69
0.18

40.65 0.12
40.13 0.12
43.66  0.16
29 0.13
3789 O
31.19 0.08
41.64 0.13
41.89 0.04
38.28 0.12
4245 0.16
32.36 0.06
4464 O
31.93 0.07
40.5 0.1
2892 0.65
30.56 0.22
29.71 0.1
1777  0.17
4105 O
31.14 0.52
31.74  0.03
2923 O
31.8 0.08
30.23 0.04
29.47  0.07
41.6 0
4275 0.1
30.79 O
31.75 031
3536 0.11
62.81  3.57
2948 0.7
30.25 0.25
30.25 0.05



Leu7l
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
le82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glul01
Glul02
Vall03
LeulO4
LeulO05
Lys106
Serl07
Aspl08

121.18
119.78

117.38
118.78

114.78
108.28

121.38
105.98

121.68

121.68
109.38

116.28
119.08
116.98
123.88
117.98
118.18

123.18

125.08
118.88
117.28
119.88
116.08
121.28
117.38
117.18
118.08
113.28
117.38
114.98
119.28
117.28
127.68

o
w

o
[

el =ReReRekeReReReReNe Rl

o o
O
R R

59.91
47.34
61.52

58.43
57.99
59.44
52.1
50.64
63
66.62
60.37
57.64
61.49
59.29
62.09
58
60.3
59.4
64.56
56.27
55.36
56.65
58.29
56.01

0.08
0.11
0.1
0.21

0.18
0.15

0.15

0.16
0.2

0.03
0.32

0.04
0.07

0.09
0.12
0.15
0.12
0.18
0.09
0.21
0.12
0.19
0.11
0.15
0.2
0.13
0.14
0.21

42.68
32.31
39.05
30.2

43.28

21.08

29.51

62.89
63.29
42.5
32.66
19.5
17.75
32.65
32.11
28.78
42.37
30.39
28.72
28.49
43.01
29.91
29.93
32.4
42.73
41.41
32.95
64.54
42.33

0.09
0.1
0.12
0.15

0.16

0.05

0.11

0

0.31
0.13
0.09
0.2
0
0.05
0.02
0.09
0.19
0.15
0.11
0.25
0.14
0.1
0.07
0.12
0.16
0.09
0.21
0.18
0
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Table 6 — Chemical Shift Assignments (in ppm) For Holo-L75F-TrpR.

Residue H"
Metl -
Ala2 8.11
GIn3 8.3
GIn4 8.45
Serb5 8.04
Pro6 -
Tyr7 7.93
Ser8 7.91
Ala9 8.32
Alal0  8.09
Metll 7.98
Alal2 8.11
Glul3 8.28
GIlnl14 8.16
Argl5 8.32
His16 8.34
GInl17 8.35
Glul8 8.46
Trpl9 8.1
Leu20 8.07
Arg21  7.96
Phe22 7.76
Val2z3  7.82
Asp24 8.1
Leu25 8.12
Leu26  8.28
Lys27  7.56
Asn28 7.74
Ala29 8.93
Tyr30 8.44
GIn31 7.43
Asn32 7.35

error

N

error

11948 O
118.88 O

122.28
116.78
119.08
116.88
126.48
121.48
118.18
123.28
119.28
120.88
118.18
118.58
118.28
120.48
122.38
117.78
119.68
120.48
119.28
121.58
124.28
119.28
120.88
116.78
126.48
119.58
117.28
115.68

0.13
0.04

0
0.01
0.13
0.13
0.04
0.13
0.08
0.13

0.14
0.13
0.13
0.12
0.07
0.02
0.13
0.07
0.11
0.13
0.08
0.13
0.15
0.13
0.17
0.13
0.13

57.38
56.71
56.99

59.42
59.64
54.88
54.86
57.67
56.01
59.5
59.91

56.89
57.46
59.99
60.58
60.36
58.54
60.78

63.07
67.68
58.27
58.97
58.36
61.33
57
56.61
62.74
59.13
54.23

error

0.18
0.07
0

0.31
0.25
0.11
0.09
0.14
0.66
0.07
0

0.09
0.65
0.33
0.14
0.19
0.18
0.23

0.17
0.08
0.05
0.46
0.17
0.29
0.02
0.12
0.16
0.08
0.13

CB

Error

30.66 0.02
31.07 0.15
64.71 O
39.66 0.01
64.97 0.13
19.85 0.04
19.65 0.11
33.53 0.13
19.26  0.37
30.54 0.13
29.58 0.12
30.85 0.05
30.94 0.16
29.33  0.07
30.03 0.2
30.26 0.21
4155 0.23
30.84 0.08
3859 0.14
3218 0.11
42.38 0.03
43.56  0.18
41.6 0.18
32.01 0.83
39.88  0.07
18.65 0.14
39.07 0.18
2957 0.21
41.54  0.09



Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leud3
Thrd4
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6s
Met66
Sere7
GIn68
Arg69
Glu70
Leu7l

7.93
8.32
9.07
7.46

7.92
8.9

8.18
7.72
8.62
7.62
9.54

7.99
7.78
8.16
7.64
8.03
8.08
8.07
8.31
8.66
7.7

7.05

8.54
8.22

8.27
8.34
7.68
7.91
8.66
8.63
8.73
8.15
7.75
8.34

0.01
0.01

0.02
0.01
0.01
0.02
0.01
0.01

0.01
0.01
0.02
0.02
0.01

0.01
0.02
0.01
0.01
0.01

0.01
0.01

0.03
0.01

0.02

0.01
0.02
0.01
0.03
0.01

0.02
0

117.08
117.48
121.08
119.58

118.98
120.78
117.68
119.18
114.18
116.08
116.68

114.88
122.98
118.38
117.38
122.08
118.68
103.78
120.28
121.48
117.88
119.08

119.58
115.78
123.88
119.28
119.58
103.18
119.58
119.58
117.98
120.58
118.78
119.68
121.18
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0.09
0.09
0.13
0.14

0.16
0.13
0.02
0.11
0.07
0.16

0.16
0.15

0.02
0.05
0.15
0.19
0.03
0.09
0.13

0.13
0.1
0.16
0.03
0.13
0.14
0.19
0.17
0.15
0.12

0.09
0.09

57.31
54.47
60.55
60.59
64.69

59.54
59.5

55.87
59.25
57.37
54.72

66.9
57.48
60

59.88
60.16
56.23
59.74
46.78

61.58
68.14
59.42

69.02
61.57
59.12
59.02
58.51
60.37
47.67
58.43
57.51

58.84
60.22
59.56
59.65
58.74

0.02
0.1
0.15

0.22
0.45
0.01
0.09
0.07
0.32

0.06

0.07
0.06
0.06
0.23
0.62

0.18
0.2

0.1
0.02
0.1
0.24
0.14
0.3
0.11
0.21
0.15

0.27
0.17
0.22
0.03
0.17

40.95
44.37
29.7
38.5
32.82
41.56
43.06
39.08
43.28
33.31
45.64
32.43
41.37
30.22
30.83
30.31
18.5
42.07

31.51
32.6
29.9
32.56
30.67
30.05
43.08
43.22
31.66
32.14
35.31
66.01
29.54
31.07
31.02
43.47

0.02
0.06
0.14
0
0.01
1.38
0.39
0.08
0.1
0.09
0
0.01
0.11
0.42
0.09
0.02
0.06
0.07

0.18
0.16
0

0.1

0.04
0.17
0.37

0.1
0.36

0.07

0.05

0.2

0.04
0.14

0.21
0.02



Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul0O0
Glul01
Glu102
Vall03
LeulO4
LeulO05
Lys106
Serl07
Aspl08

8.03

8.28
7.99
8.05
7.61
8.33

7.76
7.63
7.84
8.38
7.78
7.68
8.29
8.45
7.98
8.29
7.85
7.19
7.35

8.82
9.69
7.29
7.92
8.74
7.49
8.86
8.01
7.43
7.96
8.38
7.06
7.2
8.11
7.94

0.01
0.01
0
0.01
0.01

119.78
117.58
119.18
116.18
110.08
122.18
106.98
128.88
114.58
120.78
115.48
121.58
108.88
116.08
119.08
116.68
123.78
118.18
118.58
123.28
125.38
118.88
117.48
119.68
116.28
121.58
117.68
117.18
118.28
113.58
117.58
115.08
119.38
117.18
127.88
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0.12
0.02
0.01
2.61
0.21
0.04
0.12
0.15
0.01
0.01
0
0.15
0.04
0.02
0.05
0
0.13
0.14
0.2
0.13
0.13
0
0.13
0.01
0.13
0.13
0.15
0.01
0.13
0.1
0.1
0.14
0.14
0.14
0.14

59.6
59.08
58.66
47.36
52.8
45.98

55.61

60.33
47.91
62.41
60.08
58.86
60.24
52.86
51.26
63.77
67.39
61.07
58.42
62.31
60.05
62.77
58.73
61.04
60.12
65.38
57.24
56.13
57.44
59.08
56.79

0.19
0.18
0.16
0.13
0.13
0

0

0.03
0.06
0.13
0.03
0.13
0.2
0.06
0
0.16
0.02
0.15
0.16
0.09
0.04
0.13
0.17
0.2
0.1
0.07
0.14
0.09
0.14
0.09
0.04

33.42
41.58

30.47

40.89

21.02

30.18
63.87
39.03
64.11
43.36
33.46
20.41
18.71
32.92
32.6
29.64
43.1
31.28
29.59
29.57
43.6
30.62
30.66
33.14
43.53
42.14
33.78
65.29
43.15

0.02
2.01

0.41

0.2

0.06

0.01

0.06
0.08
0
0.05
0.07
0.18
0.03
0
0.15
0.02
0.24
0.21
0.3
0.05
0.36
0.04
0.02
0.07
0.09
0.15
0.06
0.09
0.06
0.01
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Table 7 — Chemical Shift Assignments (in ppm) For Holo-A77V-TrpR.

Residue

Metl
Ala2
GIn3
GIn4
Serb5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GIn14
Argl5
His16
GIn17
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32

8.28
8.45
8.36

7.93
7.92
8.33
8.09
7.99
8.11
8.19
8.19
8.37
7.68
8.37
8.48
8.13

7.95
7.81
7.81
8.06
8.15
8.22
7.53
7.74
8.94
8.45
7.43
7.36

error

0.01

0.01

0.01

0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01

119.78
121.98
118.08

118.98
117.18
126.18
121.38
118.28
122.98
119.18
120.68
117.88
117.28
118.18
120.18
122.18

119.68
120.18
119.28
121.28
123.98
119.28
120.68
116.58
126.08
119.18
116.98
115.48

54.66
56.57
56.24

56.14
63.93
58.17
58.79
54.18
54.04
56.92
54.66
52.84
59.06
59.46
56.17
58.93
59.55
59.51
57.72
59.95
62.38
67
57.54
57.99
57.61
60.3
56.09
55.9
62.01
58.29
53.42

0.03
0.71
0.18

0

0.19

0.15

0.2
0.1
0.13
0.17
0.18

11.5
0.06
0.65

0.36
0.21
0.31
0

0.04

0.27
0.17
0.11
0.18
0
0.1
0.29
0.22
0.19
0.21
0.19
0.17

c’ Error
192  0.08
20.88  0.13
2097 0.2
63.76 0
321 0.03
38.97 0.21
642  0.18
19.11  0.13
18.94  0.05
3279  0.06
18.94  0.01
29.66  0.06
2876  0.01
3159 0.94
32.18  4.66
29.35  0.65
29.42  0.43
2931 0
4097 0
3021  0.12
37.71  0.16
3141 0.17
41.87 022
4275 0
4079  0.09
3263 0.15
39.2  0.09
18.02  0.13
384  0.19
2877 0.14
4067 0.2



Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leud3
Thrd4
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6s
Met66
Sere7
GIn68
Arg69
Glu70
Leu7l

7.94
8.43
9.09
7.47

8.03
8.92
8.21
7.77
8.7

7.64

7.99
7.82
7.6

7.72
8.06
8.11
8.04

8.68
7.8
7.17

8.47
8.77
8.3
9.07
8.26
8.37
7.64
8.61
8.67
8.82
8.87

7.62
8.45

0.01
0.01
0.01
0.01

118.58
120.18
119.28 O
121.28 O

0
0
0
0
0
11948 O
0
0
0
0
0

56.43
53.82
59.85
59.7
65.74
58.86
58.64
55.26
58.63
56.48
54.04

65.97
56.75
59.04
60.8
59.59
55.34
58.8

60.94
67.5
58.33

68.19
60.62
57.83
58.19
53.91
59.48
45.02
57.75
56.28
57.45
60.83
59.73
59.45
58.19

0.31 39.92
0.11 40.65
0.15 39.17
0 37.67
0.15 31.36
0.19 41.76
0.21 41.95
0.18 38.13
0.14 39.86
0.2 32.65
0 44.7
0.35 32.04
0.22 40.48
0.12 30
0.12 30.49
0.2 26.63
0.04 17.81
0 41.06
0.12 30.75
0.23 31.86
0 28.87
0.27 31.89
0.19 30.24
0.28 29.47
0.25 42.25
6.47 42.55
0 30.65
0.07 -
0.15 31.68
0.22 35.67
0.06 65.24
0 28.48
0.12 30.54
0.04 30.42
0 42.65

0.4
5.94
14.64
0
0.12
0.21
0.14
0.05
4.37
0
0

0.05
0.16
0.05
0.06
5.28
0.06
0

0.17
0.2
0
0.07
0.12
0.23
0.62
0.02
0
0.13
0.15
0.18
0
0.04
0.13
0



Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul0O0
Glul01
Glu102
Vall03
LeulO4
LeulO05
Lys106
Serl07
Aspl08
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119.78
113.88
108.48
109.68
105.98

o O

O O o o

55.78
58.93
55.12
47.42
58.6
44.9

59.75
47.46
61.66

58.21
59.41
52.05
50.66
63.03
66.62
60.2
57.5
61.6
59.29
62.08
57.94
60.32
59.32
64.58
56.45
55.28
56.67
58.23
55.89

0.11
0.16
0.16
0.13
0.3
0

0

38.93
30.16
43.75

34.92

29.41

63.03

62.75
42.62
32.55
19.68
17.78
32.3
31.24
28.86
42.26
30.37
28.85
28.77
42.92
29.83
29.89
32.34
42.76
41.34
32.75
64.49
42.31

0.17
0.11
0.22

0.26

0

0.11
0.12
0.01
0.2

0.16
1.47
0.14

0.13
0.16
0.21
0.13
0.08
0.18
0.22
0.19
0.01
0.02
0.1
0
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Table 8 -°N-NMR Relaxation Parameters Measured For Apo-WT-TrpR At pH 5.7
And 318 K.

Residue N-{'H}-  “N-{*H}-nOe  *N-T; ™N-Tierror ™N-T, ®N-

nOe error (ms) (ms) (ms) T,
error
(ms)
Metl - - - - - -
Ala2 - - - - - -
GIn3 - - - - - -
GIn4 -2.15 0.83 1544.3 438.4 989.3 740
SerS - - - - - -
Pro6 - - - - - -
Tyr7 -0.24 0.1 790 28.8 234.3 93.5
Ser8 - - - - - -
Ala9 -0.75 1.06 424.2 93.5 166.5 22.2
Alal0 - - - - - -
Metll 0.41 0.12 437.6 427 117.8 23.7
Alal2  0.39 0.02 1101.3 580.6 116.7 14.5
Glul3 - - - - - -
GInl14 0.6 0.24 823.2 94.8 119 45.3
Argl5 - - - - - -
Hisl6 - - - - - -
GInl7 0.61 0.05 813.6 157.9 83.4 9.3
Glui8 0.71 0.1 765 95.6 86.6 10.1
Trp19  0.79 0.06 789.1 40.3 80.2 8.3
Leu20 0.78 0.02 818.5 77.5 76.2 4.6
Arg21 - - - - - -
Phe22  0.77 0.06 904.6 272.1 77.1 5.8
Val23  0.82 0.07 812.4 47.8 75.7 6.3
Asp24 - - - - - -
Leu25 0.8 0.04 825.2 90.1 77.6 5.7
Leu26 0.79 0.01 845.4 39.5 75.1 3.8
Lys27 0.79 0.08 843.5 172.4 56.1 2.6
Asn28 0.81 0.04 816.5 95.5 73.1 6.5
Ala29 0.78 0.05 782.8 48.4 78.4 3.5
Tyr30 0.81 0.04 829.1 73.5 72.6 6.7

GIn31 0.81 0.07 874.4 104.7 77.9 8.6



Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glu47
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70

0.79
0.75
0.79
0.87
0.8

0.73
0.84
0.8

0.85
0.83
0.81

0.77
0.81
0.83
0.82
0.84
0.8

0.79

0.8

0.82

0.85

0.78
0.77

0.75
0.72

0.77
0.63
0.58

0.06
0.08
0.04
0.05
0.07

0.06
0.02
0.07
0.04
0.09
0.03

0.06
0.06
0.05
0.07
0.05
0.11
0.03

0.05

0.03

0.11

0.01
0.05

0.05
0.06

0.12
0.06
0.06

156

859.4
770.2
808.5
799
816

854.4
796.8
821.5
830.1
810

887.4

875.6
917.4
861.5
849.7
879

886.7
847.7

851.1

776.7

855.7

853.2
866.2

841.1
864.6

910.7
702.2
770.6

48.7
6.6
46.3
59.7
38

124.8
106.4
191.3
71.7
172.9
88.5

38.5
69.7
37.4
85.2
124
140.3
105.5

38.2

65.3

198.3

92.4
141.4

46.1
142.4

222.1
124.4
66.9

79.7
77.5
81.7
73.3
76

79.1
72.4
71.3
78.1
51.4
71.3

71.5
71.6
75.6
70.3
70.7

72.2
73.6

712.2

75.4

67.8

54.4
56.5

73.2
46.7

80.8
90.6
78.5

5.8
10.1

7.2
3.9
4.3

3.2
3.7
6.5
5.3
53.1
3.6

4.3
5.2
5.8
1.6
4.9
5.5
3.9

9.6

6.4

3.6

1.4
11.5

4.4
1.4

5.1
10.9
5.2



Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glul01
Glu102
Vall03
LeulO4
Leul05
Lys106
Serl07
Aspl108

0.76
0.74
0.73
0.73
0.3
-0.37
-1.21

157

744.3

815
767.2
887.9
802.8
827.9
1369.5

26.1

170
52.7
37.9
118.8
92.2
20.7
143.4

75.7
82.5
81.8

71.8
76.8
78.8
77.3

81.3
75.9
77.1
76.2
74.9
77.2
76.3

79.6
82.4
81.9
81
150.5
387.4
649.6

5.6

8.2

4.6

2.7
4.4
9.3

4.5
15
5.7
2.5

6
8.3
5.5
5.5
8.3
6.4
5.9

6.9
7.4
7.4
6.2
15.8
35.6
132.4
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Table 9 -°N-NMR Relaxation Parameters Measured For Apo-L75F-TrpR At pH 5.7
And 318 K.

Residue “N-{*H}- ™N-{*H} “N-T. N-T, “NT. N-

nOe nOe error (ms) error(ms) (ms) T,
error
(ms)
Metl - - - - - -
Ala2 - - - - - -
GIn3 - - - - - -
GIn4 -1.38 0.06 1093 118.9 612.9 32.3
Ser5 -0.65 0.14 776.4 34.6 395.7 21.5
Pro6 - - - - - -
Tyr7 -0.21 0.01 769.9 34.4 296.4 15.3
Ser8 -0.02 0.04 732.5 42.1 229 8.9
Ala9 0.15 0.03 746.5 24.4 164.5 6.5
Alal0 0.23 0.02 779.6 21.8 151.8 4.2
Metl1 0.32 0.03 694.3 40.9 136.4 3.9
Alal2 0.39 0.03 753 60.1 108.6 14
Glul3 0.56 0.12 760.2 107.8 101.3 1.1
GInl4 0.51 0.03 726.1 55 98.2 2.3
Argl5 0.62 0.05 772.2 16.9 92.7 3.2
His16 0.77 0.07 857 33.6 71.4 1.2
GIn17 0.77 0.06 848.3 31.2 77.2 1.1
Glul8 0.74 0.06 797.7 94.1 80.4 0.7
Trp19 0.76 0.07 809.6 28.4 75.6 1.8
Leu20 0.82 0.02 829.6 36.9 72.6 2.3
Arg21 0.81 0.04 812.4 48.2 75.3 1.9
Phe22 0.78 0.04 795.7 169 76.2 1.9
Val23 0.85 0.06 837.1 6.8 73.1 1.3
Asp24 0.78 0.03 848.8 16.1 67.1 1
Leu25 0.81 0.06 765.6 69.5 75.1 0.3
Leu26 - - - - - -
Lys27 0.82 0.08 844.1 55.9 61.6 3.3
Asn28 0.79 0.03 844 8.8 72 0.8
Ala29 0.85 0.04 783.4 39 78.1 1.8

Tyr30 0.79 0.02 864.2 42.9 73.1 1.6



GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glu47
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70

0.81
0.8

0.83
0.78
0.86
0.76

0.78
0.79
0.79
0.82
0.77
0.8

0.82
0.79
0.82
0.78
0.77

0.81
0.68
0.89
0.77
0.78

0.79
0.78
0.8

0.77
0.82

0.74
0.66
0.65
0.62
0.59
0.64
0.65

0.04
0.03
0.02
0.05
0.07
0.03

0.04
0.05
0.04
0.08
0.08
0.02

0.06
0.02
0.04
0.04
0.04

0.04
0.09
0.07
0.04
0.02

0.03
0.09
0.09
0.01
0.06

0.05
0.02
0.05
0.12
0.07
0.02
0.05

159

807.3
867.6
828.7
848.3
801.8
808.8

797.3
749.5
806.7
830.1
807.9
893.1

886.7
885.9
903.2
894.8
895.1

831.9
764.4
833.2
817.5
783.2

856.1
853.9
875.3
824.7
857.1

754.8
832
867.3
781.2
784
829.1
783.8

58.7
72.1
48

31.2
26.6
14.1

15.9
157.4
43.8
43.1
62.9
73.4

65.9
29.3
79.5
93.7
77.7

45.3
77.4
62.3
210.1
202

70

26.3
45.5
80.1
28.7

81.3
135.6
76.8
97.1
20.6
4.8
37

75.2
79.7
71.4
77.2
72.9
73.1

73.2
74.9
75.8
72.3
75.2
77.5

72.1
68.6
73.8
71.1
71.4

72.3
77.7
67.3
70.6
69.1

68.2
72.4
65.6
65

70.6

60.3
85.2
94.1
81.2
88.3
82.4
85.1

2.5
1.2
0.6
11
2.2
1.4

0.2
0.3
1.4
3.9
0.7
0.6

1.6
15
0.9
0.8
3.3

2.1
2.9
0.5
0.4
1.9

11
1.6
1.8
5.1
11

15
1.3
1.7
4.9
3.6
4.5
0.6
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Leu7l 0.66 0.03 786.7 41 81.8 0.7
Lys72 - - - - - -
Asn73 0.67 0.03 826.1 39.6 80.3 0.3
Glu74 0.65 0.07 679.8 19.2 80.4 15
Phe75 0.6 0.05 796.3 48.2 67.2 2.2
Gly76 0.56 0.03 847.6 20.6 81.7 0.7
Ala77 - - - - - -
Gly78 0.6 0.05 799.1 24.1 97.1 4.3
lle79 0.67 0.1 734.8 64.8 66.4 1
Ala80 0.72 0.09 747.4 67.6 87.2 2
Thr81 0.63 0.02 765.6 21.4 76 1.1
lle82 0.72 0.11 840.1 69.5 50.6 0.4
Thr83 - - - - - -
Arg84 0.6 0.02 758.3 44.8 90.6 2.5
Gly85 0.5 0.04 747.5 49.6 94.7 1.3
Ser86 0.45 0.09 780.9 79.4 77.4 1.7
Asn87 - - - - - -
Ser88 0.52 0.1 795.1 78.4 59.3 1.9
Leu89 0.62 0.1 809.3 36.8 68.5 1.6
Lys90 0.48 0.2 890.3 110.4 77.1 4.8
Ala9l 0.64 0.02 822.1 16.8 81.7 1.7
Ala92 0.68 0.04 927.8 65.2 80.6 0.4
Pro93 - - - - - -
Val94 0.71 0.06 854.2 44.2 78.9 2.8
Glu9s 0.78 0.02 788.4 26.9 74.1 1.3
Leu96 0.79 0.02 830.9 77.5 76 2.1
Arg97 0.79 0.06 863 78.2 77.3 1.4
GIn98 0.79 0.03 868.6 69.8 71.9 0.5
Trp99 0.78 0.03 871.1 116.7 75.4 1.1
Leul00 0.76 0.04 856.3 59.6 74.1 1.3
Glul01 0.75 0.04 835.9 69 74.7 0.7
Glu102 0.72 0.11 882.7 50.4 76 0.5
Vall03 0.76 0.03 880.7 64.5 7.7 0.5
LeulO4 0.77 0.01 819.5 12.3 79 2.7
Leul05 0.7 0.05 828.1 140.1 79.6 1.5
Lys106 0.29 0.09 807.9 98.5 160.3 4.7
Serl07 -0.38 0.03 847.3 20.3 407.2 19.5

Aspl108 -1.13 0.12 1352.8 112.7 751.1 135.1
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Table 10 °N-NMR Relaxation Parameters Measured For Apo-A77V-TrpR At

pH 5.7

And 318 K.

Residue *°N- UN-{"H}-  N-T;  N-Tierror ®™N-T,  N-T,
{H}- nOe error  (ms) (ms) (ms) error
nOe (ms)

Metl - - - - - -

Ala2 - - - - - -

GIn3 - - - - - -

Glnd  .1.64 0.19 1279 60.8 777 36.8

Serd -0.52 0.23 889.5 136.8 413.7 71.8

Pro6 - - - - - -

Tyr7 - - - - - -

Ser8 - - - - - -

Ala9 0.09 0.14 824.3 35 149.6 52.4

Alal0 0.54 0.28 824.7 1.1 98.2 23.8

Metll 0.66 0.09 868.8 10.2 108 16.9

Alal2  0.39 0.02 749.2 103.9 114.2 1

Glul3 0.56 0.11 821.8 19 97.72 8.5

GInl4 0.52 0.05 688 29.6 102.1 0.2

Argl5 0.78 0.22 707.3 18.3 85.4 3.1

His16 - - - - - -

GInl7 - - - - - -

Glul8 0.77 0.03 724.7 32.7 80.4 1.6

Trpl9  0.76 0.02 800.4 18.3 81 1.8

Leu20 0.78 0.09 748.6 153.2 73.2 1.6

Arg2l  0.66 0.04 837.4 40.7 78.5 0.5

Phe22 0.82 0.02 824 72.8 76.1 0.6

Val23  0.74 0.06 899.2 62.5 81.3 1.3

Asp24  0.73 0.05 809.9 17.4 66.2 6

Leu25 0.76 0.07 787.6 18.9 81 3.3

Leu26 0.8 0.02 833.4 4.2 85.8 13

Lys27 0.81 0.03 884.4 12.4 52.1 0.5

Asn28 0.81 0.04 825.6 3.7 74.8 1

Ala29  0.83 0.02 858.7 5.4 76.2 0.2

Tyr30  0.82 0.05 851 36.6 69.9 2.5



GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thrd4
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu65
Met66
Sere7
GIn68
Arg69
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45.5
26.1
57.4
32.1
96.8
60.7

26.2
15.3
120.1
27.8
50.3

18.5
8.8

65.4
22.3
93.9

75.5
82.6
71.3
79.1
70.7
75.6

73.7
74.9
79.5
78.7
72.9

72.9
74.1
93.9
73.6
70.9
71.8
73.1

77

70.4

67.2
68.2
76.7
74.6
70.2
77.1
83.5
86.2
98.4
79.3

1.5
1.6
2.1
0.6
0.6
0.1

1.4
1.4
5.1
0.9
1.8

2.5
3.2
23.6
3.18

1.4
0.7

0.2

3.2
2.6
0.8
4.5
1.7
10.4
2.4
0.9
5.1
1.1
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Glu70  0.68 0.02 814.1 87.3 86.2 3.7
Leu7l 0.72 0.04 779.6 26.4 81.4 0.3
Lys72 . - - - - -
Asn73  0.72 0.04 806.7 93.1 79.9 0.1
Glu74 0.71 0.04 825.1 63.4 85.3 1.4
Leu75 0.71 0.04 878.4 69.3 69.1 4.8
Gly76  0.66 0.04 908 15.7 78.8 0.2
Val77  0.62 0.01 988.4 73 66.1 4.4
Gly78 0.64 0.04 925.9 2.3 80 2
lle79 - - - - - -
Ala80 - - - - - -
Thr81 - - - - - -
lle82 - - - - - -
Thrg3 - - - - - -
Arg84 - - - - - -
Gly85 0.78 0.07 784.9 17.4 81.3 6.9
Ser86  0.79 0.07 818 9.6 74.4 2
Asn87 - - - - - -
Ser88 - - - - - -
Leug9 - - - - - -
Lys90 0.75 0.02 798.4 32.9 80 1
Ala91 .78 0.03 810.6 7.9 81.7 2.6
Ala92  0.81 0.03 977.7 8.2 81.3 0.1
Pro93 - - - - - -
Val94  0.77 0.03 812.2 60 83.9 4.5
Glud5 0.76 0.01 897.4 10.3 75.7 0.3
Leu96 0.82 0.02 772.6 29.5 78.3 0.9
Arg97  0.78 0.02 700.1 270.6 72.2 6.2
GIn98  0.76 0.01 932.1 60.2 75 1.4
Trp99 0.8 0.06 798.3 10.5 72.6 1.7
Leul00 0.8 0.02 880.6 12.7 76.3 0.7
Glul01 0.75 0.03 922.9 6.9 77.1 0.8
Glul02 0.78 0.03 856.8 8.1 79.9 0.1
Vall03 0.78 0.03 848.4 40.9 78.7 3.2
Leul04 0.8 0.05 801.3 63.2 80.1 3.2
Leul0S 0.67 0.06 856.6 20.9 84.4 2.9
Lys106 0.34 0.05 729.4 1.2 141.4 14.3
Serl07 -0.4 0.04 878.4 73.3 431.5 18.2

Aspl08 -1.26 0.03 1561.5 181.7 924.1 91.9
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Table 11 *°N-Relaxation Parameters Measured For Holo-WT-TrpR At pH 5.7 And
318 K.

Residue  “*N-{'H} error (/1o)  N-T;  ®N-T;  N-T,  ™N-T,

nOe (I/10) (ms) error (ms) error
(ms) (ms)

Metl - - - - - -
Ala2 - - - - - -
GIn3 - - - - - -
Glnd -1.6 0.05 1338 77.78 656.9 133.93
Ser5 - - - - - -
Pro6 - - - - - -
Tyr7 -0.25 0.08 723.5 0.14 230.5 17.82
Ser8 - - - - - -
Ala9 0.19 0.04 784.7 15.56 141.55 0.35
Alal0 - - - - - -
Metll 0.31 0.04 677.2 45.82 132.75 3.75
Alal2 0.42 0.01 771.45 5.87 110.6 2.12
Glul3 - - - - - -
GIn14 0.53 0.05 631.6 89.24 95.47 2.85
Argl5 - - - - - -
His16 0.67 0.14 835.3 30.83 77.37 5.02
GIn17 0.69 0.04 726.4 17.4 84.29 2.93
Gluls 0.77 0.01 743.35 79.55 78.28 3.33
Trpl9 0.85 0.03 846.15 30.05 73.27 5.01
Leu20 0.84 0.01 830.1 12.45 73.4 5.7
Arg21 0.78 0.04 779.25 50.13 77.69 0.81
Phe22 0.77 0.1 687.55 1.2 76.58 2.09
Val23 0.75 0.05 823.7 11.74 70.83 0.7
Asp24 0.77 0.01 718.95 1.77 75.59 2.87
Leu25 - - - - - -
Leu26 - - - - - -
Lys27 0.8 0.09 837.3 33.38 56.25 4.08
Asn28 0.78 0.06 850.85 22.7 71.79 2.5
Ala29 0.85 0.02 814.65 51.97 76.03 1.31
Tyr30 0.82 0.01 785.3 17.25 76.9 0.88

GIn31 0.81 0.05 872.15 32.46 74.98 1.33



Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70

0.8

0.76
0.73
0.78
0.81

0.74
0.82

0.79
0.86
0.81

0.81
0.76
0.71
0.78
0.77
0.84
0.81

0.82
0.8

0.84

0.8

0.82
0.78
0.78
0.79
0.71

0.65
0.62

0.63

0.04
0.02
0.08
0.01
0.12

0.06
0.02

0.02
0.01
0.07

0.02
0.03
0.1

0.07
0.08
0.01
0.05

0.07

0.02

0.03

0.04
0.01

0.03

0.04
0.02

0.02
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815.3
835.1
830.3
785.75
859.55
831
769.6
733.9
784.4
776.75

902.1
870.2
784.5
876.05
832.65
836
848.75

830.75
782.05

829.55
802.15
783.3
885.65
855.95
869.75
850.45
732.9
836.5

808.5

39.6
55.86
37.05
5.59
2.33

40.59
38.18

56.43
27.15
8.98

19.52
1.41

35.36
41.37
97.65
70.99
47.45

6.86
73.89

66.12

27.93
132.79
30.62
11.38
30.9
109.11

171.54
16.55

41.01

80.77
73.45
77.53
73.26
70.13

72.84
75.02

77.12
75.03
70.66

70
70.1
80.26
69.21
68.69
70.74
71.1

68.77
75.62

69.93

66.31
65.71
71.73
71.45
70.16
84.03

83.51
81.36

84

2.49
2.59
0.81
0.86
4.28

4.79
1.9

2.62
1.83
2.86

0.8
421
3.7
1.57
1.4
3.02
4.09

0.78
2.02

2.99

2.72
3.82
4.21
2.87
5.18
3.16

4.23
4.26

3.47



Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glui01
Glu102
Vall03
LeulO4
Leul05
Lys106
Serl07
Aspl108

0.76
0.78

0.76
0.8
0.88
0.78
0.82
0.77
0.78
0.73
0.79
0.79
0.72
0.66
0.29
-0.36
-1.23

0.05

0.07
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727.95
818.2
845.9

882.7

699
760.35
731.95
785.3
805.45
782.05
778.55
954.65
846.35
819.75
785.95
779.25
848.1
769.5
771.45
879.2
850.3
866.45
809.05
761.55
680.55
824.75
1260

104.58

20.22
23.33

55.72

7.78
67.25
12.23
17.25
27.93
73.89
17.75
49.14
47.02
72.05
12.94
50.13
53.32
80.61
45.47
45.26
97.02
45.18
61.17
21.14
49.99
29.63
106.07

86.82

80.69
85.78

96.62

75.91
74.63
73.97
76.9

77.58
75.62
79.7

76.39

79.99
73.45
76.63
77.69
72.01
75.84
72.26
73.25
76.9
77.26
78.15
81.15
148.95
389.15
807.1

3.56

1.73
1.38

2.74

1.22

3.51
1.15

0.88

1.73
2.02
2.43
0.23

2.97
2.86
1.17
0.81
1.86
0.57
1.01
2.4
2.6
2.33
3.09
3.58
4.31
34.15
27.86
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Table 12 -**N-Relaxation parameters measured for holo-L75F-TrpR at pH 5.7 and 318

K.

Res

Metl
Ala2
GIn3

GIn4
Serb5

Pro6
Tyr7
Ser8
Ala9
Alal0

Metll
Alal2
Glul3
GIn14
Argl5

His16
GIn17
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23

Asp24
Leu25
Leu26
Lys27
Asn28
Ala29

Tyr30

BN-{*H}  error
nOe (I/lo)  (I/lo)

-0.97 0.28
-0.27 0.03
-0.01 0.61
0.19 0.04
0.29 0.02
0.42 0.03
0.49 0.03
0.54 0.02
0.49 0.1

0.7 0.03
0.78 0.02
0.79 0.05
0.82 0.05
0.8 0.09
0.82 0.04
0.79 0.06
0.79 0.06
0.78 0.03
0.89 0.02
0.78 0.07
0.84 0.04
0.85 0.03

N-T; BN-Ty BN-T,  BN-T,

(ms) error(ms) (ms) error(ms)
1046.8  242.11 654.9 278.74
741.85  42.78 306.15  14.78
740.2 51.9 235.15 8.84
734.3 114.55 14755  11.67
755.6 49.78 146.6 0.57
735.1 58.55 114.95  17.47
817.1 0.85 102.75 1.2
770 29.27 105.9 0.28
768.65  2.47 94.38 4.87
730.7 63.92 89.07 2.2
740.4 17.68 82.97 5.74
817.35  65.41 81.11 4.2
854.95  21.85 74.82 0.88
833.05  28.64 76.67 0.17
697.35  148.14 78.97 1.24
840.4 36.77 75.63 6.99
761.85  47.31 80.27 7.98
77755  8.56 76.65 3.89
819.45  10.68 57.22 11.89
780.25  69.51 79.45 7.06
771.25  32.46 77.78 1.39
777.05  130.32 70.06 1.93



GIn31
Asn32
Asp33
Leu34
His35

Leu36

Pro37
Leu38
Leu39
Asn40
Leud4l

Met42
Leu43
Thrd4

Pro45
Asp46
Glu47
Arg48
Glu49
Ala50
Leu51
Gly52

Thr53
Arg54
Val55
Arg56

lle57

Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66

Ser67
GIn68

0.78
0.81
0.76
0.75
0.85
0.83

0.71
0.83
0.8

0.82

0.78
0.78

0.82
0.76
0.63
0.82
0.77
0.82
0.81

0.86
0.83
0.77

0.82
0.78
0.83
0.78
0.78
0.77
0.76
0.63

0.64

0.06
0.07
0.03
0.06
0.1

0.07

0.05
0.02
0.04

0.05

0.01

0.11

0.05
0.05
0.02
0.07
0.07
0.03

0.06

0.12
0.03

0.06

0.02
0.03
0.06
0.03
0.03
0.02
0.05

0.04

0.09
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730.3
823.15
836.35
791.5
792.45
812.45

767.2

838.65
759.95
787.35

706.4
804.7

908.55
889.4
802.3
819.4
843.15
818.05
898.75

923.45
777.7
719.45

872.7
830.05
799.8
841.65
862.4
905.3
754.95
889.2

677.85

59.68
32.46
87.47
80.19
82.66
65.97

101.12
4.31
0.64
134.42

119.36
86.27

147.71
67.6
3.82
11.31
6.86
9.97
138.81

47.73
61.8
85.21

66.04
7.57
53.46
2.47
26.87
200.39
111.09
50.35

63.57

75.31
82.62
75.72
78.94
70.57
82.21

89.9

75.94
74.69
78.22

74.87
71.3

72.03
71.05
84.22
79.51
72.69
65.96
71.96

68.02
71.92
74.2

73.85
72.22
67.46
76.36
76.61
72.42
79.76
95.09

96.91

3.08
1.84
8.32
0.13
0.51
11.84

6.94
0.86
8.85
6.17

0.11
11.55

3.19
4.39
3.13
4.53
2.1
0.1
4.72

7.21
291
1.14

2.38
7.42
7.01
9.44

1.55

0.77
2.79

17.53



Arg69
Glu70
Leu71
Lys72
Asn73
Glu74

Phe75
Gly76
Ala77
Gly78

lle79

Ala80
Thr81

[le82

Thr83
Arg84
Gly85
Ser86
Asn87

Ser88
Leu89
Lys90

Ala9l
Ala92

Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulOO0
Glul01
Glu102
Vall03
LeulO4
Leul05

0.64

0.66

0.66

0.57

0.56

0.68

0.76
0.81
0.8

0.81

0.75

0.8

0.78

0.77
0.8
0.8
0.82
0.77
0.77
0.8
0.7
0.81
0.76
0.7
0.67

0.01

0.03

0.05

0.03

0.03

0.05

0.06
0.05
0.04

0.01

0.03

0.01

0.04

0.04
0.03
0.05
0.06
0.03
0.03
0.04
0.03
0.05
0.03
0.03
0.06

169

901.6

758

835.35

776.15

801.05

848.5

808.25
756.1

735.35
835.85

761.4
817.4

789.8

795.25
633.35
749.95
833.05
851.05
907.6
874
784.1
791.2
907.35
802.95
714.6

35.64

14.71
15.49

0.92

72.05

15.42

44.05
44.83
58.34
46.03

69.16
21.78

105.36

50.42
55.23
8.84
28.64
82.8
30.12
42.29
115.4
105.36
11.38
49.85
43.13

91.97

86.39
82.62

103.29

121.55

66.2

82.2

80.84
79.25

68.22
83.03

84.46

87.93
78.44
79.13
76.67
77.06
78.15
75.35
80.35
79.63
79.99
81.94
83.95

2.84

4.45
3.13

9.49

9.4

12.46

1.77

0.28
6.07

10.06
3.03

5.03

0.5

291
0.18
0.17
3.51
6.6

0.03
0.69
3.27
0.21
5.08
3.93



170

Lys106 0.27 0.03 700.8 12.59 157.7 6.93
Serl07 -0.37 0.01 764.55 58.9 388.05 11.38
Aspl08 -1.24 0.02 1365 134.35 887.9 188.23

Table 13 —**N-Relaxation Parameters Measured For Holo-A77V-TrpR At pH 5id A
318 K.

Residue  ®N-{'H}  “N-{'H} N-T; N-T, N-T, ®N-T,
nOe (I/lo0) nOe error (mMs) error(ms) (ms) error(ms)
(I/1o)

Metl - - - - - -

Ala2 - - - - - -

GIn3 - - - - - -

GIn4 - - - - - -

Ser5 - - - - - -

Pro6 - - - - - -

Tyr7 -0.22 0.01 758.3 10.47 228.3 4.67
Ser8 0.04 0.06 768.1 14.85 204.65 34.3
Ala9 0.25 0.06 - - 178.4 37.05
Alal0 0.25 0.03 784 0.71 136.55 2.47
Metl1l 0.29 0.02 740.95 50.84 132.55 3.32
Alal2 0.43 0.03 824.15 21.57 109.3 1.98
Glul3 0.47 0.03 795.45 61.45 101.54 3.48
GIn14 0.52 0.02 757.5 6.51 90.75 4.29
Argl5 0.75 0.06 910.4 23.62 77.71 2.18
His16 0.76 0.01 960.85 1.48 76.22 0.44
GInl17 - - - - - -
Glul8 0.74 0.02 847.1 63.36 77.37 1.35
Trpl19 0.71 0.02 846.35 2.05 74.11 2.96
Leu20 - - - - - -
Arg21 0.83 0.02 867.3 31.25 73.07 0.71
Phe22 0.83 0.04 852.7 12.3 70.07 1.9
Val23 0.84 0.01 873.5 35.92 64.34 0.55
Asp24 0.75 0.05 844.25 32.03 67.14 1.28

Leu25 0.83 0.05 807.2 30.41 76.23 0.09



Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64

0.67
0.75

0.77
0.84
0.77
0.79
0.83
0.76
0.83
0.84

0.81
0.78
0.84
0.75
0.79
0.8

0.83
0.9

0.85
0.81
0.81
0.92

0.83
0.82
0.79

0.81
0.78
0.76
0.8

0.75
0.82
0.87

0.19
0.02

0.02
0.02
0.01
0.01
0.02
0.01
0.03
0.03

0.03
0.01
0.03
0.06
0.06
0.02

0.01
0.1

0.04
0.01
0.04
0.17

0.08
0.1
0.05

0.02
0.05
0.07
0.01
0.07
0.03
0.28
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912.95
909.95
873.4
815.15
935.05
885.65
960.55
928.95
864.45
866.65
828.15

886.25
830
867.85
839.7
859.4
937.8

973.55
943.15
912.1

949.1

944.15
994.55
915.65
897.95
912.5

867.4

895.65
917.65
864.95
909.55
912.95
925.45
911.65

28.64
3.18

2.26

57.91
18.17
6.43

19.87
41.79
51.12
18.17
18.17

1.06
31.82
59.89
7.5
68.45
12.45

36.7
61.02

12.3

79.05
71.49
19.02
62.01

17.04
64.77
61.94

54.52
9.26
2.62
58.2
28.64
47.31
4.88

71.57
63.24
73.35
72.23
68.27
74.47
81.02
71.44
74.23
69.72
74.63

71.13
78.03
73.29
74.35
72.69
69.11

70.33
68.41
70.61
71.55
72.78
69.46
74.9

69.36
68.04
69.42

69.73
70.13
66.46
70.04
71.5

71.78
78.95

1.46
1.75
0.9

2.15
3.2

0.16
1.69
0.62
0.55
0.01
4.67

1.39
0.13
0.81
0.71
3.87
5.73

0.84
2.67
1.61
2.33
1.09
1.53
1.46

151
0.34
1.76

4.01
1.94
2.99
1.14
0.93
0.52
4.74



Glué5
Met66
Sere7
GIn68
Arg69
Glu70
Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glul01
Glu102
Vall03

0.75

0.67

172

844.7

924.4
937.45

841.75
843.05

940.75
878.25
895.35
1168.5
956.65

874.1
870.95
900.05

834.6

872.75
886.45
961.45

843.85
924.2
874.75
855.4
918
881.3
892.25
857.35
916.8
884.95

71.14

1.27
67.95

25.39
14.21

24.82
72.76
96.1
55.86
8.98

4.81
52.4
71.21

4.38

28.78
39.24
46.17

41.08
34.22
44.62
52.19
36.91
78.49
27.93
27.22
32.67
38.96

81.88

84.68
72.38

79.91
79.62

82.74
76.04
75.9
82.94
83.9

72.3
66.97
74.43

75.98
73.92
76.8

75.07

79.59
70.98
75.12
79.44
68.95
73.18
71.47
72.62
74.55
74.02

1.87

10.44
4.55

4.33
0.51

0.64
0.98
5.7
0.07
0.87

0.33
8.09
0.98

0.28
0.74
1.2
3.3

1.13
0.23
1.98
1.91
1.48
1.43
0.01
0.18
0.33
1.46



LeulO4
LeulO05
Lys106
Serl07
Aspl108

0.8
0.7
0.3

-1.26

0.04
0.02
0.01

0.02
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837.7
897.6
808.1

1288

21.78
41.01
85.7

69.3

75.74
79.07

146

876.75

Table 14. Spectral Density Values For Apo-WT-TrpR At 14.1 T.

Residue

Metl
Ala2
GIn3
Glnd
Ser5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GlIn14
Argl5
His16
GIn17
Gluls
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24
Leu25

Jert(0), ns/rad

I+

I+

+ + H+ H+

+ 1+

I+

0.39
0.88
0.5
0.52
0.48
0.3

0.36
0.41

0.36

J(wn), ns/rad

o
N
&
I+

o
w
-+

0.31
0.32
0.31
0.3

+ O+

0.29
0.31

+ 1+

0.1

0.04
0.06
0.04
0.02

0.03

0.07
0.02

0.03

1.73
1.57
4.24

3.18

J(0.87wy), ps/rad

10.2
7.67
7.66
5.97
4.16

4.22

4.2
3.45

3.81

I+

I+

+ + H+ +

o+

I+

3.97
4.58
1.72
2.17
1.19

0.55

1.49
1.33

0.87



Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glu4g7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6bl
Leu62
Arg63
Gly64

4.86

5.01
4.63
5.06
4.72
4.58
4.73
4.46
4.98
4.8

4.6

5.04
5.14
4.67

5.14

5.13
5.14
4.85
5.2

5.19
5.09
4.97

5.13

4.84

5.4

6.78

6.72

7.98

I+

+ +H+ H+ H+ + + H+ H+

+ o+

I+

H H+ o+

+ I+

I+

+ I+

I+

0.25

0.46
0.21
0.47
0.53
0.38
0.61
0.4

0.27
0.27

0.2

0.28
0.55
0.35

0.28

0.32
0.38
0.38
0.13
0.35
0.38
0.28

0.7

0.43

0.29

0.18

1.17

0.24
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0.29

0.31
0.32
0.3

0.29
0.29
0.32
0.31
0.32
0.31

0.29
0.32
0.31
0.3

0.28

0.28
0.27
0.29
0.3

0.29
0.29
0.3

0.29

0.32

0.3

0.29

0.29

0.25

I+

+ + + + + H+ |+ H+ H+

+ O+

I+

+ H+ + + + + 1+

+ I+

I+

+ I+

I+

0.01

0.03
0.02
0.03
0.03
0.02
0.01
0.02
0.02
0.02

0.04
0.04
0.07
0.02

0.03

0.01
0.02
0.01
0.03
0.05
0.04
0.03

0.01

0.03

0.07

0.03

0.05

0.08

3.87

3.67
4.39
3.59
3.44
3.83
5.07
4.06
2.55
3.84

5.01
3.17
3.93
2.83

3.38

4.09
3.26
3.08
3.34
2.9

3.59
3.9

3.68

3.62

2.83

4.05

4.23

4.45

I+

N A

+ + H+ +

I+

+ H+ + + + + 1+

+ 1+

I+

+ 1+

I+

0.26

0.86
1.07
0.82
1.29
1.11
1.6

0.82
0.94
1.34

1.33
0.58
1.68
0.79

0.65

1.07
1.08
0.91
1.38
0.96
2.08
0.67

0.93

0.69

2.36

0.49

1.24

1.72



Glu65
Met66
Sere7
GIn68
Arg69
Glu70
Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00
Glul01
Glu102
Vall03

I+

I+

I+

I+ I+

+ H+ I+

+ H+ + +

+ + + + + + I+

+ 1+

0.34

0.23

0.31

0.3

0.36

1.39
0.25
0.53

0.31
0.1

0.34
0.16

0.34
0.53
0.36
0.36
0.57
0.42
0.38

0.43
0.41
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I+

I+

I+

I+ I+

+ H+ I+

H+ o+

+ H+ |+ H+ + H+ I+

+

0.03

0.01

0.06

0.01

0.05

0.1
0.04
0.02

0.05
0.03
0.06
0.03

0.01
0.05
0.05
0.03
0.03
0.04
0.02

0.04
0.02

8.52

10

9.85

10.5

6.74

7.79
7.09
7.81

6.11
5.27
491
4.89

5.79
4.27
441
3.73
3.77
4.48
3.96

3.89
4.99

I+

I+

I+

I+ I+

+ H+ 1+

+ H+ + +

+ + + + + + +

+ 1+

1.34

1.11

2.1

0.67

1.11

2.67
1.4
1.04

1.69
0.99
1.69
0.59

1.05
0.81
0.68
0.67
1.22
0.95
1.02

0.69
0.65



LeulO4
Leul05
Lys106
Serl07
Aspl108

4.43
4.51
2.3

0.73

H+ o+ H+

0.41
0.37
0.25
0.09

176

0.32
0.28
0.29
0.25

+ H+ + H+

0.01
0.04
0.04
0.01

5.52 * 0.84
48 + 151
138 + 2.08
259 = 0.74

Table 15. Spectral Density Values For Apo-L75F-TrpR At 14.1 T.

Residue

Metl
Ala2
GIn3
GIn4
Serb5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GInl4
Argl5
His16
GInl7
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24
Leu25
Leu26

Jer(0), ns/rad

I+

+ +++ M+ H+ H+MH+ 4+ +H+H+H+ 4+ +FH+H+ H+ H I+

0.06

0.07
0.06
0.09
0.07
0.08
0.05
0.05
0.1

0.14
0.09
0.07
0.05
0.12
0.17
0.13
0.13
0.1

0.08
0.03

J(on), ns/rad

I+

T & T T o e e e e O e s S T

0.01

0.01
0.02
0.01
0.01
0.02
0.03
0.05
0.03
0.01
0.01
0.01
0.03
0.01
0.02
0.02
0.06
0.01
0.01
0.03

J(0.8%vn), ps/rad

35.4 + 1.84
24.5 + 1.1

22 * 1.71
17.3 * 0.87
15.2 + 0.95
15.7 + 0.9

12.7 + 1.54
7.52 + 3.07
11 * 1.14
8.11 + 1.22
5.29 + 0.45
3.68 * 1.27
6.14 + 0.68
5.61 + 1.18
3.21 * 0.59
3.45 + 0.94
4.06 + 1.17
2.97 + 1.94
4.23 + 0.52
3.47 + 1.91



Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thr44
Pro45
Asp46
Glu47
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glue0
Leu6l
Leu62
Arg63
Gly64
Glué5

5.98
5.07
4.64
4.99
4.84
4.56
5.11
4.71

4.98

4.97
5.08
4.82
4.79
5.05
4.84
4.71

5.08
5.34
4.95
5.14
5.13

5.05
4.66
5.43
5.16
5.26

5.37
5.04
5.6

5.66
5.18

6.07
4.24

+ + 4+ H+ H+ H+ + + H+ H+

+ + + + + + +

+ O+ O+ N s

H+ W o

+ 1+

0.35
0.06
0.11
0.11
0.17
0.08
0.04
0.07
0.16
0.11

0.01
0.05
0.06
0.09
0.28
0.05
0.04

0.11
0.12
0.06
0.07
0.24

0.15
0.18
0.04
0.06
0.17

0.09
0.12
0.16
0.47
0.08

0.16
0.07

177

0.3

0.3

0.32
0.29
0.31
0.29
0.3

0.29
0.31
0.31

0.31
0.3

0.34
0.31
0.3

0.31
0.28

0.28
0.28
0.28
0.28
0.28

0.3

0.32
0.31
0.31
0.33

0.3
0.29
0.28
0.3
0.29

0.33
0.3

= + + + + + + H+ |+ 1+

+ H+ |+ + I+ |+ I+

+ + H+ 4+ 4+ + + + + +

+ + + H+ 4+

+

0.02
0.01
0.01
0.02
0.02
0.02
0.02
0.01
0.01
0.01

0.01
0.02
0.07
0.02
0.02
0.02
0.02

0.02
0.01
0.02
0.03
0.02

0.02
0.03
0.02
0.06
0.08

0.02
0.01
0.02
0.03
0.01

0.04
0.04

3.16
3.34
2.6

3.98
3.09
3.62
3.21
3.68
1.95
4.26

3.7

1.68
4.95
4.26
2.64
5.22
3.35

3.35
3.88
2.6

4.23
3.84

3.93
6.79
1.13
4.95
4.56

1.46
3.1

3.56
4.38
2.74

5.43
6.47

+ + + + + + + I+ I+

+ + + + + 1+

+ + + + I+ + + H+ + +

+ + + H+ 1+

+ I+

2.45
0.19
0.43
0.4

0.45
0.77
0.75
1.09
1.21
0.2

0.37
0.21
1.08
0.65
1.73
2.07
0.78

1.68
0.55
0.22
1.13
1.05

0.45
2.52
0.57
1.62
1.21

4.27
0.74
1.68
0.5

0.56

0.61
0.94



Met66
Sere7
GIn68
Arg69
Glu70
Leu7/l
Lys72
Asn73
Glu74
Phe75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulOO0
Glui01
Glu102
Vall03
LeulO4

3.83
4.45
4.07
4.4

4.23
4.42

4.52
4.45
5.43
4.44

3.69
5.48
4.11
4.77
7.31

3.95
3.76
4.67

6.18
5.32
4.73
4.43
4.52

4.61
4.9

4.79
4.71
5.08
4.84
4.92
4.87
4.8

4.69
4.6

+ + + + + + + + H+ I+

+ + 1+ + + + + +

+ + + + +

T O S s i S T =S

0.07
0.28
0.17
0.25
0.03
0.04

0.02
0.09
0.19
0.04

0.18
0.09
0.1

0.07
0.06

0.12
0.06
0.11

0.2

0.12
0.33
0.09
0.03

0.18
0.09
0.14
0.09
0.04
0.08
0.09
0.05
0.04
0.03
0.17
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0.28
0.32
0.31
0.29
0.31
0.31

0.29
0.36
0.3

0.28

0.3
0.33
0.33
0.32
0.3

0.32
0.32
0.3

0.3
0.3
0.28
0.3
0.26

0.29
0.31
0.3

0.29
0.29
0.29
0.29
0.29
0.28
0.28
0.3

+ + + + + H+

H+ o+

+ H+ I+ + H+ 1+ 4+ 4

H o+ o+ 4+

+ e

0.02
0.05
0.01
0.01
0.01
0.01

0.01
0.01
0.02
0.01

0.01
0.03
0.03
0.01
0.02

0.02
0.02
0.03

0.03
0.01
0.03
0.01
0.02

0.02
0.01
0.03
0.03
0.02
0.04
0.02
0.02
0.02
0.02
0.01

6.33
7.71
7.79
6.42
7.39
7.13

6.79
8.03
8.45
8.1

7.99
7.05
6.32
7.15
4.87

8.24
10.7
12.3

111
8.7
6.4
7.04
5.39

5.47
4.16
3.96
2.92
3.98
3.8

4.93
5.24
4.45
3.73
4.19

+ + + + + I+

+ + + I+

+ + I+ + + + + I+

+ + + H+ 1+

+ + + H+ + H+ H+ H+ + + O+

0.98
2.5
1.71
0.2
0.86
0.69

0.68
2.72
0.66
0.95

1.57
3.56
1.64
0.31
1.39

0.79
0.75
1.83

1.27
1.76
1.58
0.41
1.08

1.67
0.24
0.68
0.61
0.47
0.74

0.47
0.28
0.31
0.07



Leul05
Lys106
Serl07
Aspl108

4.55
2.13
0.69
0.35

+ H+ + +

0.11
0.08
0.05
0.09
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0.3

0.29
0.25
0.14

+ + H o+

0.06
0.03
0.01
0.01

6.38
14.6
25

25.5

Table 16. Spectral Density Values For Apo-A77V-TrpR At 14.1 T.

Residue

Metl
Ala2
GIn3
GIn4
Serb5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GInl4
Argl5
His16
GInl7
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24
Leu25
Leu26

Jerf(0), ns/rad

I+

+ I+

H+ I+

+ + + + H+ + + + I+

0.16

0.57
0.05

0.01
0.16

0.09
0.11
0.12
0.03
0.04
0.07
0.54
0.19
0.68

J(on), ns/rad

I+

+ 1+

+ 1+

+ HH o

0.03

0.01
0.04

0.01
0.01

0.01
0.01
0.07
0.01
0.03
0.02
0.01
0.01
0.01

+ W+

1.84
1.72
0.8

2.18

J(0.87wy), ps/rad

12.8

10.9
4.84

4.95
4.68
4.67
6.36
3.43
4.5

5.22
4.75
3.74

I+

+ I+

+ I+

=+ + H+ + + + + 1+

5.64

1.6
1.81

1.18
4.82

0.65
0.4

2.23
0.8

0.47
1.16
0.96
1.45
0.38



Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thr44
Pro45
Asp46
Glu47
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glué5

5.44
5.38
4.73
4.89
5.21
4.78

H + + + + + + + 1+ I+

+ H+ 4+ + I+

o+

I+

I+

+ + + + + I+

0.07
0.07
0.01
0.19
0.11
0.08
0.16
0.04
0.06
0.02

0.09
0.09
0.32
0.06
0.14

0.18
0.21
1.04
0.22
0.08
0.1

0.05

0.32

0.03

0.28
0.21
0.05
0.31
0.13
0.66

H o+ H H H o

H H+ H H 4

+ H+ |+ + + + I+

I+

I+

+ H+ |+ + H+ 4

0.01
0.01
0.01
0.01
0.01
0.01
0.02
0.01
0.03
0.02

0.01
0.01
0.04
0.01
0.02

0.01
0.01
0.02
0.01
0.03
0.01
0.02

0.02

0.03

0.01
0.02
0.02
0.01
0.01
0.01

+ + H+ H+ + H+ + + + I+

+ + + H+ I+

+ + + + + H+ I+

I+

I+

+ + + + I+

0.53
0.74
0.37
0.94
0.39
0.69
0.75
0.25
2.15
1.19

0.22
0.06
0.58
1.01
0.62

0.51
1.8

1.07
0.75
0.48
0.52
0.94

0.81

0.49

0.73
0.41
1.39
0.59
0.74
1.24



Met66
Ser67
GIn68
Arg69
Glu70
Leu7/l
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulOO0
Glui01l
Glu102
Vall03
LeulO4

+ + + + + I+

+ + + + + I+

+ I+

+ + I+

+ + I+

+ + + + + H+ I+

0.13
0.05
0.2
0.06
0.2
0.02

0.03
0.07
0.37
0.01
0.41
0.12

0.39
0.13

0.06
0.15
0.1

0.25
0.02
0.05

0.09
0.13
0.05
0.05
0.01
0.19
0.2

0.31
0.3
0.25

0.3
0.27
0.32

0.27
0.31
0.28
0.27
0.29
0.29
0.31

H 1+ H H H 4+

+ H+ H o

H+

+ + H+

+ H+ |+

+ + + + + + I+

0.01
0.01
0.01
0.03
0.03
0.01

0.04
0.02
0.02
0.01
0.02
0.01

0.01
0.01

0.01
0.01
0.01

0.02
0.01
0.01

0.02
0.01
0.01
0.01
0.01
0.02
0.02

+ + + + + I+

+ + + + + I+

H o+

+ + I+

+ + I+

+ + + + + I+

0.23
0.86
0.62
0.84
0.8

0.81

1.02
0.9

0.98
0.68
0.53
0.67

1.39
131

0.43
0.55
0.47

0.69
0.17
0.43

0.33
1.19
0.36
0.51
0.55
0.62
1.09



Leul05
Lys106
Serl07
Aspl108

4.29
2.44
0.64
0.27

+ o+

0.15
0.26
0.04
0.05

182

0.29
0.32
0.24
0.12

+ H+ + +

0.01
0.01
0.02
0.01

6.02
14.1
24.9
22.6

Table 17. Spectral Density Values For Holo-WT-TrpR At 14.1 T.

Residue

Metl
Ala2
GIn3
GIn4
Serb5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GIn14
Argl5
His16
GInl7
Gluls
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24

Jert(0), ns/rad

+ 0.26

.07
0.21

+ oy M

0.02
0.51
0.04
0.01
0.21

+ + + H+ I+

0.11
0.33

H o o+
o
o
&

J(wn), ns/rad
0.19 + 0.04
0.29 + 0.02
0.3 =+ 0.04
0.32 £+ 0.05
0.31 + 0.02
0.32 + 0.03
029 + O

0.31 + 0.01
031+ O

0.34 + 0.03
0.33 + 0.01
0.3 =+ 0.03
0.29 + 0.01
0.3 =+ 0.01
0.37 £ 0.08
0.3 =+ 0.01

+ H+ H+ I+

1.09
1.08
2.27
2.78

J(0.87wy), ps/rad

I+

+ + 1+

+ o+ o+ o+

+H + + + + + I+

8.18

1.65
12.8
2.81

1.09
1.2

0.57
0.55
2.07

0.88
0.44
1.02
0.92
1.67
1.25
1.13



Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thrd4
Pro45
Asp46
Gluag7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glue0
Leu6l
Leu62
Arg63

4.52
4.73
6.58
4.57
4.65
5.19
4.8

4.38
4.84
4.59
5.16
4.45

4.79
4.89
4.64

4.82
5.18

5.09
5.16
4.29
4.57
5.02
5.55
5.09

5.43
5.06
4.87

4.95
5.08
5.45
4.8

4.76

e O S L s S S S L S

+ H+ 4+ M

+ 1+

H 1+ H+ + + 1+ 1+

+ + I+

+ 1+

I+

+ I+

0.17
0.55
0.6

0.62
0.33

183

0.33
0.32
0.31
0.32
0.32
0.33
0.34
0.3

0.3

0.31
0.32
0.31

0.32
0.3

0.33
0.32

0.36
0.31

0.28
0.28
0.3
0.3
0.29
0.3
0.28

0.27
0.32
0.35

0.29
0.3

0.31
0.29
0.29

+ + + + + + I+

+ I+ + I+ I+ o

+ 1+

+ I+

I+ I+

+ H+ I+

I+ I+

+ H+ I+

0.02

0.03
0.01
0.06
0.03
0.01
0.03
0.03
0.03
0.02

0.04

0.05

0.06
0.03

0.05
0.02

0.01

0.04

0.02

0.02

0.04

0.02

0.02

0.01

4.32
4.43
2.09
4.43
3.24
3.07
4.7

3.62
4.49
4.95
2.97
3.26

5.93
3.16
412
3.62

4.94
4.29

3.14
4.23
7.21
3.43
4.27
3.43
3.35

2.36
3.42
5.02

3.23
4.12
3.31
4.08
3.98

H H+ H+ H+ o+

+ +

+ I+

H H + H o+ o+

+ o+

1.23
0.63
0.39
1.45
0.84
0.82
1.34
1.33
0.71
1.28
2.12
1.37

1.3

0.38
0.82
1.15

0.84
2.16

1.01

o
©

0.41
1.3
1.27
0.56
11

2.15
0.66
1.46

0.43
0.58
1.16
0.59
0.54



Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70
Leu71
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala91l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulOO0
Glui01l
Glu102

5.05
4.52
3.79

3.71

3.93

4.16
4.38

3.45

2.9

5.64
0.36

4.4
3.39
4.45
4.6

5.4

4.36
3.56
4.28

4.09
4.56
4.56
4.74
4.73
4.68
4.84
4.5

4.55

0.12
0.06
0.12

+ M

I+

0.71

I+

0.13

0.23
0.18

+ I+

I+

0.36

I+

0.24

1.12
6.79

+ I+

0.1

2.13
0.03
0.38

+ + 1+

0.78
0.17
1.68
0.27

+ + + 1+

0.03
0.18
0.01
0.01
0.21
0.4

0.01
0.06

+ H+ H+ + + H+

Mo+

184

0.28
0.33
0.27

0.36

0.27

0.32
0.29

0.31

0.3

0.29
0.35

0.31
0.33
0.34
0.3

0.33
0.3

0.29
0.32

0.31
0.39
0.33
0.3

0.29
0.27
0.29
0.32
0.32

+ 1+ I+

I+

+ 1+ I+

I+

+ 1+ I+

I+ + H+ I+

+ 1+ I+

+ + 1+

+

+ + + H+ +

0.06
0.05
0.01

0.03

0.01

0.01
0.01

0.03

0.01
0.02

0.02
0.02
0.03
0.02

0.03
0.01
0.05
0.04

0.02
0.03
0.01
0.01
0.03
0.01
0.02
0.05
0.04

0.94
1.33
0.8

+ + I+

+ 2.27

I+

0.28

0.62
0.91

+ 0.63

I+

0.94

0.98
0.61

+ I+

1.2
1.05
0.9
0.27

+ + H+ 1+

0.76
0.21
0.93

+ 4+ + I+

=

0.82
0.84
1.04
1.18
0.64
0.53
0.74
1.08
1.16

+ + 4+ 4+ + + + + I+



Vall03
LeulO4
Leul05
Lys106
Serl07
Aspl108

Table 18. Spectral Density Values For Holo-L75F-TrpR At 14.1 T.

Residue

Metl
Ala2
GIn3
Glnd
Ser5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GIn14
Argl5
His16
GIn17
Gluls
Trpl9
Leu20
Arg21
Phe22

4.55
4.42
4.27
2.13
0.7

0.27

+ 0.01
+ 0.29
+0.21
+ 0.11
+ 0.04
+ 0.09

Jet(0), ns/rad
1.37 + 0.12
2.43 + 0.01
2.58 + 0.08
3.19 + 0.06
3.68 + 0.13
4.7 + 0.33
4.26 + 0.16
4.62 + 0.21
4.99 + 0.34
4.98 +04
4.66 + 0.05
4.7 +0.14

185

0.27
0.31
0.34
0.33
0.28
0.14

+ + + + + +

0.02
0.02
0.01
0.02
0.01

J(on), ns/rad
0.3 +0
0.29 + 0.01
0.34 + 0.02
0.31 +0
0.38 + 0.05
0.29 + 0.01
0.34 + 0.01
0.33 + 0.04
0.29 + 0.01
0.3 + 0.01
0.32 + 0.02
0.36 +0

412
5.85
7.21
16.3
28

25.9

+ H+ =+ 1+ +

0.53
0.7

1.42
0.71
2.02
2.57

J(0.87wy), ps/rad

15.9
11.8

11.7

6.18
6.67
4.84
2.76
2.99
4.43
5.2

I+

1.78

I+

0.85

141
0.22

H 4+

I+

2.12

2.57
0.94
0.56
0.58
0.19
0.81
2.26

F o+ o+ o+ o+ o+



Val23
Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thrd4
Pro45
Asp46
Glu4g7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l

5.15

4.78

6.57
5.09
4.78
4.72
4.87
4.49
4.96
4.68
4.96
5.23

5.01
4.83

4.69
4.84
5.15

5.24
5.23
4.51
5.29
5.32
5.17
5.15

5.31

4.8

5.22

5.51
5.56

0.05

I+

+ + M+ 1+

+
o
w
=

+ 1+

+ 0.23

+ 0.24
+ 0.35

186

0.3

0.34

0.3

0.29
0.31
0.32
0.29
0.31
0.3

0.3

0.31
0.29

0.3
0.32

0.34
0.32
0.32

0.28
0.28
0.31
0.28
0.3

0.3

0.29

0.3

0.32

0.3

0.31
0.32

+ 0.01

+
o

0.01
0.01
0.02
0.01
0.01
0.01
0.02
0.01

H oW H O+

+ I+
o o
o O
N -

w

+ 1+ I+

©coo
o O
=

0.03

+ + H+ + + + +
o
o
=

+ I+
o
o
w

0.03

I+

0.01
0.06

+ I+

4.72

4.99

3.74
4.05
2.88
3.57
3.41
3.84
4.49
5.1

4.36
3.44

4.87
3.65

4.49
2.8
3.82

3.29
4.31
5.79
3.91
4.34
2.99
3.5

3.37

3.99

3.02

3.9
3.65

I+

I+

+H + + + + + + + + H+

+ 1+

Mo

H + H+ H+ H+ o+

+

I+

+ I+

0.91

0.22

1.73
1.09
0.42
0.2

0.85
0.78
0.5

1.48
0.2

2.08

1.19
0.42

0.55
0.23
1.45

0.35
0.53
1.99
1.29
1.65
0.32

1.24

0.53

0.63

0.79
0.67



Leu62
Arg63
Gly64
Glué5
Met66
Ser67
GIn68
Arg69
Glu70
Leu71
Lys72
Asn73
Glu74
Phe75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
Leul00

+ 0.32
0.21
0.4
0.18

+ + I+

+0.24
+ 0.24

+ 0.18
+ 0.19

+ 0.1
+ 0.07

0.11

I+

0.08
0.23
+0.08
+ 0.06

+ 1+

+ 0.11
0.14
0.15
0.02

+ H+ 1+

0.18
0.2
0.07
0.05
0.14
0.05
+ 0.07

+ I+

I+

+ + I+

o
o
=

0.01
0.04

+ H+ 1+ I+
o

0.08
0.01

+ I+

0.01
0.05

+ I+

0.01
0.01

+ I+

+ 0.02

O o oo
o o
,®

+ + H+ I+

©oooo0
o O O O
(R T I =

+ + H+ I+

o o
o O
w N

0.01
0.02
0.02
0.03
0.02

H H+ H+ + + o+

3.88
4.01
3.77
5.38

7.64
7.11

7.16
7.81

6.09

0.14
0.07
0.13
0.88

+ H+ o+

1.99
0.37

+ 1+

0.5
1.52

+ 1+

1.36

H+ I+
N

2.91

I+

0.47
0.56

H+ o+ M

oo
» O
w

OO0
a1 o
o

+ + + 1+

= Ol
[620e]

0 W o
N oON B

N
(oe]

=+ 4+ + + H+ I+

COooCco00O0OR

H ©
~N N



Glui01
Glu102
Vall03
LeulO4
Leul05
Lys106
Serl07
Aspl108

4.99
4.73
4.71
4.64
4.45
2.27
0.73

188

0.28
0.29
0.29
0.3

0.32
0.34
0.26

H + H+ o+ + i+

0.01
0.04
0.02
0.02
0.01
0.03
0.01

4.8

3.87
3.8

5.42
6.95
16.3
25.7

Table 19. Spectral Density Values For Holo-A77V-TrpR At 14.1 T.

Residue

Metl
Ala2
GIn3
GIn4
Serb5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GIn14
Argl5
His16
GInl7
Gluls
Trpl9
Leu20
Arg21
Phe22
Val23

Jett(0), ns/rad

1.39
1.62
1.99
2.53
2.61
3.25
3.51
3.95
4.7
4.8
4.7
4.92

5

5.22

5.71

+

0.04

+ 0.31

+ H+ + + + + + I+

+ H+

+

0.47
0.05
0.08
0.06
0.14
0.2

0.14
0.03

0.09
0.2

0.05

+0.15

+

0.05

J(on), ns/rad
028 = O
029 + 0.01
0.22 + 0.03
0.3 £+ 0
0.31 + 0.02
029 = 0.01
0.3 + 0.03
032 +0
0.27 = 0.01
026 = O
029 = 0.02
029 0
029 + 0.01
029 + 0.01
029 = 0.01

0.78
0.5

0.2

1.24
0.81
131
0.85

H + + + + + I+

J(0.87wy), ps/rad

L L O L o

H o+

+ H+ I+

0.4

1.28
1.61
0.61
1.07
0.64
1.07
0.42
0.99
0.16

0.53
0.37

0.37
0.73
0.22



Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glu4d7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glue0
Leu6l
Leu62

5.45
4.76
5.12
5.82
4.98
5.04
5.39
4.9

4.51
5.13
491
5.25
4.89

5.14
4.66
4.98
4.9

5.03
5.33

5.23
5.38
5.19
5.13
5.04
5.3

4.88

5.29
5.39
5.27

5.26
5.23
5.52
5.23
5.12

L O 5 L s O A o S
o
O
[y

0.11
0.01
0.06
0.05
0.29
0.45

+ H+ 4+ + + 4+

0.07
0.21
0.12
0.17
0.08
0.13
0.09

H + + + + + 1+

0.12
0.03
0.14

+ + 1+

0.32
0.14
0.25
0.08
+ 0.07

+ H 1+ I+

189

0.29
0.31
0.27
0.27
0.28
0.3

0.27
0.28
0.26
0.27
0.29
0.29
0.3

0.28
0.3

0.29
0.29
0.29
0.27

0.26
0.27
0.27
0.26
0.26
0.25
0.27

0.28
0.27
0.29

0.28
0.27
0.29
0.27
0.27

o+ + H+ o+ + + I+ + + I+

+ + + + 1+

+ + + + + H+ I+

+ + I+

+ + + H+ I+

0.01
0.02

0.02
0.02

0.02

0.01

0.02

0.02

0.02

0.02
0.01

4.64
3.29
5.66
4.29
6.64
4.41
2.67
4.05
3.41
2.86
4.34
3.05
3.02

3.35
4.15
2.9

4.64
3.83
3.34

2.73
1.65
4.46
2.48
3.14
2.99
1.36

2.94
3.09
3.8

3.32
3.74
4.34
3.43
4.29

H o+

H o+ + 4+

H o+ o+ i+

+ + 1+

+ +

0.98
0.96
3.18
0.35
0.17
0.49
0.35
0.04
0.18
0.38
0.27
0.54
0.56

0.51
0.25
0.58
1.11
1.19
0.32

0.1

1.64
0.04
0.67
0.3

0.63
2.94

1.35
1.78
0.93

0.41
0.86
1.2

0.28
1.19



Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70
Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulO0
Glui01

0.04
0.3
0.12

+ H+ I+

+ 0.56
0.33

I+

0.25
0.03

+ I+

0.04
0.07
0.38
0.01
0.05

+ + H+ + 1+

0.02
0.05
0.08
0.22

+ H+ 1+ 1+

0.07
0.02
0.13
0.12
0.12
0.1

0.01
0.01

+ H+ H+ + + I+

+ 1+

+ |+ M

+ I+

+ I+

+ + + H+ I+

+ + I+

+ + I+ I+

+ + |+ + + + + I+

0.01
0.01
0.02

0.02

0.01

0.01
0.02
0.03
0.01

0.02
0.02

0.01
0.01
0.01

0.01
0.01
0.02
0.02
0.01
0.03
0.01
0.01

+ 0.54
+ 4.73
+ 0.42

0.33
2.07

+ I+

0.91
0.11

+ 1+

0.11
1.47
0.68
0.24
0.67

H o+ 1+ o+

0.35
0.75
1.44

H o+

0.76
0.1

0.89
0.51

+ 1+ 4+

0.94
0.35
0.21
0.81
0.37
1.47
0.37
1.52

+ + + + + + H+ I+



Glul02
Vall03

LeulO4
Leul05
Lys106
Serl07
Aspl108

Table 20 — Motional

analysis

Res

Metl
Ala2
GIn3
Gln4
Ser5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GInl4
Argl5
His16
GIn17
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23

Model S

4.91
4.93
4.81
4.61
236 *

+ + H+ I+

0.26 =

err
2 0.56 0.09
1 0.82 0.1
2 0.85 0.07
1 0.87 0.08
1 0.92 0.04
1 0.91 0.04
1 0.910.06
1 0.91 0.04

0.02
0.11
0.12
0.1

0.08

0.01

S

err
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0.27
0.28
0.3

0.27
0.29

0.14

Ss

err

0.01
0.01
0.01
0.01
0.03

H 4+ + + 1+

I+

0.01

0.07 70.4
0.08 -
0.04 -
0.04 -
0.06 -
0.04 -

Te(NS)

4.59
3.35
3.71
5.24
13.5

27.5

err(ns)

476.3

+ + + H+ I+

I+

Parameters Computed For Apo-WT-TrpR Using

R
(sh

0.71
0.52
0.74
0.45

=
~

1.48

Moeke|

err

(s



Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leudl
Met42
Leu43
Thr44
Pro45
Asp46
Glu4d7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6bl
Leu62

PR RRPR | RPRPR ! RPRPPRPR ! NP

H 1

PR PR RPRRPER a0

N Y

N

09 0.05-
0.89 0.03 -

0.94 0.05
0.91 0.03
0.93 0.06
0.88 0.07
0.88 0.04
0.89 0.04
0.93 0.04
0.91 0.03
0.88 0.04
0.97 0.04
0.97 0.06

09 0.05-

0.92 0.04 -

09 0.03-

0.89 0.05
0.89 0.03
0.95 0.02
0.93 0.05
0.94 0.06
0.93 0.04

09 0.04-
0.94 0.05 -

0.97 0.04 -

0.9 0.06 -

0.05 -
0.03 14.7
0.05 -
0.03 -
0.06 -
0.07 -
0.04 -
0.04 -
0.04 -
0.03 -
0.04 -
0.04 -
0.06 -
0.05 -

0.04 -



Arg63
Gly64
Glu6b
Met66
Sere7
GIn68
Arg69
Glu70
Leu/l
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulO0
Glui01

1 N

N DN N ol

N P =

R RPFPFPNODNP
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0.880.04 - -
0.77 0.11 - -
0.89 0.04 - -

0.66 0.05 0.89 0.03

0.71 0.05 - -

0.6 0.070.82 0.04

0.92 0.03 - -

0.85 0.13 - -
0.810.05 - -
0.87 0.05 - -
0.94 0.05 - -
0.89 0.02 - -
0.88 0.06 - -
0.88 0.03 - -
0.92 0.03 - -
0.91 0.06 - -
09 0.05- -
0.93 0.05 - -
0.91 0.06 - -
0.91 0.06 - -
0.930.04 - -

0.04 181.7 267.9
0.11 1176.3 605.8
0.04 150.6  288.4
0.04 1126.9 172.3
0.05 55.7 330
0.06 962.3 168.5
0.03 472.2 320
0.13 1087 768.9
0.05 1549.4 526.4
0.05 1002.6 470.7
0.05 - -

0.02 - -

0.06 - -

0.03 40.1 691.8
0.03 - -

0.06 34.5 527.5
0.05 24.7 395.2
0.05 - -

0.06 - -

0.06 - -

0.04 - -
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Glul02 2 0.83 0.06 - - 0.83 0.06 16.5 3024 - -
Vall03 2 0.87 0.04 - - 0.87 0.04 34.2 1419 - -
Leul0d4 1 0.930.04 - - 0.93 0.04 - - - -
Leul05 1 0.850.06 - - 0.85 0.06 - - - -
Lys106 5 0.41 0.06 0.76 0.07 0.54 0.08 1064 152.2 - -
Serl07 5 0.090.02 0.7 0.02 0.13 0.02 8279 16.6 - -
Aspl08 - - - - - - - - - - -

Table 21 — Motional Parameters Computed For Apo-L75F-TrpR Using IMaede
Analysis

Res Model S Err St emr S5 em  t(ns) €T  Re err
(ns) (sH ()

Metl - - - - - - - - - - -
Ala2 - - - - - - - - - - -
GIn3 - - - - - - - - - - -
GIn4 - - - - - - - - - - -
Ser5 5 0.08 0.01 0.81 0.03 0.1 0.02 670.1 17.7 - -
Pro6 - - - - - - - - - - -
Tyr7 5 0.14 0.02 0.74 0.03 0.19 0.02 889.9 129 - -
Ser8 5 0.2 0.01 0.77 0.04 0.26 0.03 975 46.7 - -
Ala9 5 0.34 0.02 0.79 0.02 0.43 0.02 10245 422 - -
Alal0 5 0.38 0.02 0.77 0.02 0.5 0.02 1033.6 55.4 - -
Metll 5 0.42 0.02 0.85 0.03 0.49 0.03 1135.2 426 - -
Alal2z 5 0.58 0.01 0.87 0.04 0.66 0.04 1010 130.9 - -
Glul3 1 0.66 0.01 - : 0.66 0.01 - : - .
GInl4 5 0.65 0.02 0.9 0.04 0.72 0.04 1092.6 157.4 - -
Argl5 5 0.7 0.03 0.87 0.03 0.8 0.03 1237 368.9 - -
Hisl6 4 0.85 0.04 - - 0.85 0.04 374 182 1.6 0.6
GInl7 1 0.88 0.01 - - 0.88 0.01 - - - -
Glul8 2 0.85 0.01 - - 0.85 0.01 43.8 196.6 - -
Trpl9 1 0.92 0.02 - - 0.92 0.02 - - - -
Leu20 1 0.93 0.02 - - 0.93 0.02 - - - -
Arg2l 1 0.91 0.02 - - 0.91 0.02 - - - -
Phe22 1 09 0.02 - - 09 0.02 - - - -



Val23
Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thrd4
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l

NRPRRPRRPRRPRRPWW!' PP WW

PR DR R R R R R R R R RN R

N B R

0.9

0.89
0.92
0.89
0.9

0.89
0.93
0.9

0.86
0.96
0.89
0.94
0.93

0.93
0.89
0.9

0.93
0.9

0.86
0.92
0.94
0.93
0.91
0.92
0.87
0.93
0.96
0.95
0.91
0.98
0.98

0.01
0.02
0.01
0.06

0.01
0.02
0.02

0.03
0.01
0.01
0.01
0.02
0.01

0.01
0.01
0.02
0.03
0.01
0.01
0.02
0.02
0.01
0.04
0.02
0.03
0.01
0.02
0.02
0.02
0.02
0.04
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0.9
0.89
0.92

0.89
0.9

0.89
0.93
0.9

0.86
0.96
0.89
0.94
0.93

0.93

0.89
0.9
0.93
0.9
0.86

0.92
0.94

0.93
0.91

0.92
0.87

0.93
0.96

0.95
0.91
0.98
0.98

0.01 -
0.02 -
0.01 -

0.06 -
0.01 -
0.02 -
0.02 -
0.03 -
0.01 -
0.01 -
0.01 -
0.02 -
0.01 32

0.01 -

0.01 22.7
0.02 -
0.03 -
0.01 -
0.01 -

0.02 -
0.02 -

0.01 -
0.04 -

0.02 -
0.03 -

0.01 -
0.02 -

0.02 -
0.02 -
0.02 -
0.04 213.5

695.7 -



Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70
Leu71
Lys72
Asn73
Glu74
Phe75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala91l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97
GIn98
Trp99
LeulOO0

N oI N O = o

NN

WOl kP, PP o N

N o1 ot

0.93 0.01

0.79 0.02
0.71 0.01
0.86 0.05
0.76 0.02
0.89 0.01
0.79 0.01
0.83 0.01
0.85 0.01
0.79 0.02
0.890.04
0.84 0.01
0.68 0.04
1 0.01
0.76 0.02
0.89 0.01
0.9 0.07
0.7 0.02
0.69 0.01
0.86 0.02
0.87 0.06
0.98 0.02
0.86 0.04
0.78 0.02
0.85 0.01
0.87 0.02
0.93 0.01
0.9 0.02
0.88 0.02
0.95 0.01
0.91 0.01
0.93 0.02

0.01

0.06
0.01
0.05
0.03
0.01
0.03
0.01

0.01
0.02
0.04
0.01

0.03
0.01
0.02
0.01

0.07

0.03
0.04
0.02

0.06
0.02
0.04
0.02
0.01

0.02
0.01
0.02
0.02
0.01
0.01
0.02

916.4

424.5 -

370.6 -
5.5 -
273 -
8.8 -
9.3 -
226.7 -
221.219
19 -

305.8 3.8

424.9 -
130.7 -

0.9
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Glul01 4 0.88 0.05 - - 0.88 0.05 41.6 328.8 0.5 0.8
Glu102 2 0.89 0.01 - - 0.89 0.01 328 25 - -
Vall03 2 0.88 0.01 - - 0.88 0.01 14 46 - -
Leul04 2 09 0.01 - - 09 001229 36 - -
Leul05 1 0.85 0.02 - - 0.85 0.02 - - - -
Lys106 5 0.37 0.02 0.74 0.06 0.49 0.06 1054.4 85.4 - -
Serl07 5 0.08 0.01 0.68 0.02 0.12 0.01 841.6 148 - -
Aspl08 5 0.04 0.02 0.51 0.04 0.08 0.04 536.7 19.8 - -

Table 22 — Motional Parameters Computed For Apo-A77V-TrpR Using Moeel-f

Analysis.

Residue Model § er S; emr Ss e 1. (ns) emr Re err

s) (s (sh

Metl - - - - - - - - - - -
Ala2 - - - - - - - - - - -
GIn3 - - - - - - - - - - -
GIn4 - - - - - - - - - - -
Ser5 5 0.090.03 0.69 0.1 0.13 0.06 752.3 116.1 - -
Pro6 - - - - - - - - - - -
Tyr7 - - - - - - - - - - -
Ser8 - - - - - - - - - - -
Ala9 2 0.72 0.04 - - 0.72 0.04 1844 231 - -
Alal0 1 0.89 0 - - 0.89 0 - - - -
Metll 1 0.84 0.01 - - 0.84 0.01 - - - -
Alal2 5 0.55 0.02 0.86 0.07 0.65 0.07 1035.4 179.3 - -
Glui3 1 09 0.02- - 09 0.02 - - - -
Gin14 5 0.63 0.01 0.91 0.02 0.7 0.03 1251.8 154.6 - -
Argl5 2 0.84 0.03 - - 0.84 0.03 667.7 191.2 - -
His16 - - - - - - - - - - -
GInl7 2 0.61 0.17 - - 0.61 0.17 536.6 211.2 - -
Gluig 1 0.89 0.02 - - 0.89 0.02 - - - -
Trpl9 2 0.88 0.02 - - 0.88 0.02 29.9 11.8 - -



Leu20
Arg21
Phe22
Val23
Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thrd4
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52
Thr53
Arg54
Val55
Arg56
lle57
Val58

PRPNOPFRPPOORPRPOWRPRPRPPRPPEPE LR

WER R P W

WRARRRPWIERE.:

N N =

0.94 0.02
0.89 0.01
0.940.01
0.87 0.01
0.93 0.02
0.91 0.02
0.87 0.01
0.84 0.01
0910

0.85 0.01
0.86 0.04
0.89 0.02
0.82 0.01
0.81 0.05

09 0.01-

0.98 0.01
0950

0.86 0.03
0.93 0.01
0.89 0.05
0.91 0.01
0.83 0.05

0.86 0.02
0.79 0.01
0.84 0.06

09 0.02-

0.98 0.01

0.8 0.01

0.83 0.05

0.94 0.04
0.28 0

0.98 0
0.66 0.34
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0.94
0.89
0.94
0.87
0.93
0.91
0.87
0.84
0.91
0.85
0.86
0.89
0.82
0.81
0.9

0.98
0.95

0.86
0.93
0.89
0.91
0.83

0.86
0.79
0.84
0.9

0.98
0.8

0.83

0.94
0.28

0.98
0.66



Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu65
Met66
Ser67
GIn68
Arg69
Glu70
Leu71
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala91l
Ala92
Pro93
Val94
Glu9s
Leu96
Arg97

PNOOAR>»RPRPPRPRRERPRP!

O NN NN N

Wk NN

P R N PFP

0930

0.96 0.03
0.91 0.01
0.91 0.03
0.82 0.01
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0.8 0.04- -

0.76 0.03
0.820.01
0.68 0.04
0.87 0.02
0.83 0.03
0.88 0

0.88 0

0.82 0.03
0.93 0.03

0.8 0.01- -

0.92 0.04
0.77 0.02

0.7 0.05 - -

0.75 0.01

0.92 0.02
0.920.01

0.89 0.01
0.91 0.01
0.74 0.01

0.87 0.04

0.8 0.01- -

0.92 0.01

1 0.04 - -

0.93
0.96
0.91
0.91
0.82
0.8

0.76
0.82
0.83
0.94
0.83
0.88
0.88
0.8

0.92
0.77
0.7

0.75

0 -
0.03 -
0.01 -
0.03 -
0.01 29
0.04 -
0.03
0.01 -
0.03
0.03
0.03



GIn98
Trp99
LeulOO0
Glui01
Glu102
Vall03
LeulO4
Leul05
Lys106
Serl07
Aspl108

Table 23
Analysis.

Residue

O aOrkRrPFPFPEdMNOPR D

0.78 0.05
0.93 0.01
0.83 0.01
0.78 0.01
0.87 0

0.88 0.03
0.89 0.03
0.86 0.02
0.45 0.06
0.080.01
0.03 0.01

0.81
0.66
0.45

— Motional Parameters

Model

Metl
Ala2
GIn3
GIn4
Ser5
Pro6
Tyr7
Ser8
Ala9
Alal0
Metll
Alal2
Glul3
GIn14
Argl5
His16

s  En

0.22 0.03
0.45 0

0.46 0.02
0.61 0.02

0.68 0.03

0.88 0.03

0.83
0.8

0.87
0.85
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- 0.78
- 0.93
- 0.83
- 0.78
- 0.87
- 0.88
- 0.89
- 0.86
0.04 0.55
0.05 0.11
0.04 0.07

Computed

0.02 0.27

0.01 0.56

0.04 0.53
0.01 0.72

0.68

0.88

0.05
0.01
0.01
0.01

0.03
0.03
0.02
0.05
0.02
0.03

13.1 5.7 2.2
- - 1.4
15.9 4.7 1.7
1110.5 122.7 -
8222 221 -
530.2 179 -

0.2

For Holo-WT-TrpR Using Muoeke

0.03
0.01

0.04
0.01

0.03

0.03

e Rex Rexerr
e (ns) (s (sH)
8075 56 -
8779 41 -
1095.6 83.7 -
931.1 38.8 -
1322 356.9 -
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Glnl7 5 0.8 0.04 0.930.03 0.86 0.02 1378.6 370.9 -
Gluis 2 0.9 0.03 - - 0.9 0.03 29.6 70.2 -
Trpl9 1 0.89 0.03 - - 0.89 0.03 -

Leu20 1 0.9 0.01 - - 0.9 0.01 -

Arg21 1 0.9 0.01 - - 0.9 0.01 - - -
Phe22 2 0.920.02 - - 0.92 0.02 1365.1 347.7 -
Val23 3 0.88 0.01 - - 0.88 0.01 - - 1.7
Asp24 - - - - - - - - -

Leu25 2 0.96 0.01 - - 0.96 0.01 1104.7 935 -
Leu26 - - - - - - - - - -
Lys27 3 0.88 0.03 - - 0.88 0.03 - - 54
Asn28 3 0.87 0.02 - - 0.87 0.02 - - 1.6
Ala29 1 0.92 0.02 - - 0.92 0.02 -

Tyr30 1 0.92 0.01 - - 0.92 0.01 - - -
GIn31 3 0.84 0.03 - - 0.84 0.03 - - 15
Asn32 1 0.87 0.02 - - 0.87 0.02 - - -
Asp33 2 0.93 0.03 - - 0.93 0.03 46.9 326.4 -
Leu3d4 1 0.92 0.01 - - 0.92 0.01 - - -
His35 2 0.94 0.01 - - 0.94 0.01 42.2 82 -
Leu36 3 0.850 - - 0.85 0 - - 2.3
Pro37 - - - - - - - -

Leu38 1 0.91 0.03 - - 0.91 0.03 -

Leu3d9 1 0.950.02 - - 0.95 0.02 -

Asn40 - - - - - - - -

Leu4l 1 0.93 0.03 - - 0.93 0.03 -

Met42 1 0.94 0.02 - - 0.94 0.02 -

Leud3 1 0.950.01 - - 0.95 0.01 -

Thrd44 - - - - - - - -

Pro45 - - - - - - - - - -
Asp46 3 0.83 0.02 - - 0.83 0.02 - - 2.2
Glua7 1 0.85 0 - - 0.85 0 -

Argd8 1 0.9 0.03 - 0.9 0.038 - - -
Glu49 3 0.86 0.04 - - 0.86 0.04 - - 2
Ala50 1 1 0.01 - - 1 0.01 -

Leu5l 1 0.97 0.03 - 0.97 0.03 -

Gly52 1 0.92 0.04 - 0.92 0.04 -

Thr53 - - - - - - - - - -
Argb4 3 0.89 0.01 - - 0.89 0.01 - - 1.9
Val55 1 0.94 0.03 - 0.94 0.03 -



Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70
Leu71
Lys72
Asn73
Glu74
Leu75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l
Ala92
Pro93
Val94

wWEr R R

0.96 0.03

0.97 0.02

1 0.03

0.82 0.02
0.85 0.01
0.87 0.03
0.82 0.03

0.850.05
0.83 0.02

0.85 0.03
0.76 0.04

0.86 0.02
0.84 0.01

0.75 0.02

0.95 0.01
0.96 0.04
0.98 0.01
0.92 0.01

0.9 0.02

0.94 0.02
0.92 0.02
0.77 0.04

0.88 0.03
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0.96
0.97

0.82
0.85
0.87
0.82

0.85
0.83

0.85
0.76

0.86
0.84

0.75

0.95
0.96
0.98
0.92
0.9

0.94

0.92
0.77

0.88

0.03

0.02
0.03
0.02
0.01
0.03
0.03

0.05
0.02

0.03
0.04

0.02
0.01

0.02

0.01
0.04
0.01
0.01

0.02
0.02
0.02
0.04

0.03

11.2 2.3

2.2
1.8

14 1.6
12.4 4.2
30.3 301
58.9 646.1
60.2 9.6
62.8 57.5
1497.1 509.3
60.2 25.2
1734.1 264.6 -

2.1

0.9

0.6

0.6
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Glugs 1 0.95 0.03 - - 0.95 0.03 -

Leu96 1 0.930.01 - - 0.93 0.01 -

Arg97 1 0.92 0.01 - - 0.92 0.01 -

GIn98 1 0.95 0.02 - - 0.95 0.02 -

Trp99 1 0.92 0.01 - - 0.92 0.01 -

Leul00 1 0.96 0.01 - - 0.96 0.01 -

Glulol 1 0.92 0.02 - - 0.92 0.02 - - -
Glul02 2 09 0.03 - - 0.9 0.03 16.8 180.8 -
Vall03 2 0.89 0.02 - - 0.89 0.02 16.3 5 -
Leul04 1 0.910.03 - - 0.91 0.03 - -

Leul05 2 0.910.02 - - 0.91 0.02 112.3 99.1 -
Lys106 5 0.390.02 0.84 0.04 047 0.04 11523 574 -
Serl07 5 0.090.02 0.7 0.020.13 0.02 834.6 149 - -
Aspl08 - - - - - - - - - - -

Table 24— Motional Parameters Computed For Holo-L75F-TrpR Using Mozl
Analysis.

Residue Model S*  err izt er S en Te (ns) (i_g) (Es{%()

Metl - - - - - - - - - - -
Ala2 - - - - - - - - - - -
GIn3 - - - - - - - - - - -
GIn4 - - - - - - - - - - -
Ser5 5 0.05 0.050.64 0.14 0.07 0.08 614.2 94.7 -
Pro6 - - - - - - - - - - -
Tyr7 5 0.12 0.010.77 0.04 0.16 0.02 866.8 22.6 -
Ser8 2 0.19 0.01- - 0.19 0.01 5375 879 -
Ala9 5 0.41 0.050.83 0.08 049 0.08 9748 123 -
Alal0 - - - - - - - - - -
Metll 5 0.42 0.010.79 0.03 0.53 0.03 1062.3 58.9 -
Alal2 5 0.56 0.110.86 0.07 0.65 0.09 1093.6 2154 -

Glul3 5 0.62 0.010.83 0.01 0.75 0.01 1041.2 62 -



Ginl4
Argl5
His16
GInl7
Glul8
Trpl9
Leu20
Arg21
Phe22
Val23
Asp24
Leu25
Leu26
Lys27
Asn28
Ala29
Tyr30
GIn31
Asn32
Asp33
Leu34
His35
Leu36
Pro37
Leu38
Leu39
Asn40
Leud4l
Met42
Leu43
Thrd4
Pro45
Asp46
Glua7
Arg48
Glu49
Ala50
Leu51
Gly52

(OS24

PP RPN

PR R RRRPRPPRPERR

PP WwN

=N

P WOWkFRPEFEPDNPR PR

0.63
0.75

0.72

0.95
0.89
0.91
0.92
0.93
0.87

0.93

0.91
0.89
0.91
0.93

0.91
0.85
0.9

0.92
0.97
0.87

0.83

0.84
0.96
0.93

0.97

0.93

0.91

0.91
0.86
0.91
0.9

0.88
0.95
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0.010.84 0.02 0.75
0.02 0.84

0.040.9

0.030.89 0.04 0.81

0.02-
0.04-
0.01-
0 -
0.02-
0.03 -

0.05-
0.01-
0.01-
0.05-
0.02 -
0.02 -
0.03-
0.02-
0.06 -
0 -
0.01-
0.06 -

0.06 -
0

0 -
0.06 -

0.07 -

0.04-
0.04 -
0.01-
0.01-
0.01 -
0.01-
0.05 -

0.95
0.89
0.91
0.92
0.93
0.87

0.93
0.91
0.89
0.91
0.93
1
0.91
0.85
0.9
0.92
0.97
0.87

0.83
0.84
0.96
0.93

0.97
0.93

0.91
0.91
0.86
0.91
0.9

0.88
0.95

0.02
0.03

0.05
0.02
0.04
0.01

0.02
0.03

0.05

0.01
0.01
0.05
0.02
0.02
0.03
0.02
0.06

0.01
0.06

0.06
0.06

0.07

0.04
0.04
0.01
0.01
0.01
0.01
0.05

11235 919 -
642.9 252.8 -
1897.6 497.2 -
47.7 163.3 -
33.9 504.2 -
- - 1.7 0.2
1062.8 459.4 -
76.6 6.6 -
- - 27 0.2



Thr53
Arg54
Val55
Arg56
lle57
Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6b
Met66
Ser67
GIn68
Arg69
Glu70
Leu71
Lys72
Asn73
Glu74
Phe75
Gly76
Ala77
Gly78
lle79
Ala80
Thr81
lle82
Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90
Ala9l

N

NEFEPNEP P PP

o

0.85
0.95
0.93

0.92
0.93
0.98
0.89
0.89
0.98
0.9

0.74

0.79
0.77

0.77
0.84

0.67
0.56

0.83
0.93

0.86
0.94
0.86
0.89

0.96
0.87
0.85

0.04 -

0.03 -
0.02 -

0.03-

0.01-
0.04-
0 -
0.03 -
0.02 -
0.01-
0.02 -

0.08 -
0.02-

0.050.9

0.02-

0.070.84

0.06 0.77

0.01-

0.04 -

0.02 -

0.05 -

0.04-

0.06-

0.02 -
0.12 -
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0.03

0.04
0.05

0.85
0.95
0.93

0.92
0.93
0.98
0.89
0.89
0.98
0.9

0.74

0.79
0.77

0.85
0.84

0.8
0.73

0.83
0.93

0.86
0.94
0.86
0.89

0.96
0.87
0.85

0.04
0.03
0.02

0.03
0.01
0.04

0.03
0.02
0.01
0.02
0.08
0.02

0.03
0.02

0.05
0.07

0.01
0.04

0.02
0.05

0.04
0.06

0.02
0.12

291.4 462.8

33.6 8.2

1319.1 506.9

38.6 5.4
1264.5 244.4
47.7 13.9

1055.4 240.2
1280.8 281.4

11249 701.3



206

Ala92 1 0.87 0.05- - 0.87 0.05 -

Pro93 - - - - - - - - -
Val94 1 0.83 0.01- - 0.83 0.01 -

Glugs 1 0.95 0.03- - 0.95 0.038 -

Leu9s 1 093 0 - - 093 O - - - -
Arg97 3 0.84 0.03- - 0.84 0.03 - - 15 04
Gln98 1 0.91 0.04- - 091 0.04 -

Trp99 1 0.81 0.02- - 0.81 0.02 - - - -
Leul00 3 0.81 0.04- - 0.81 0.04 - - 21 05
Glul10l1 2 0.86 0.01- - 0.86 0.01 1500.3 277.1 -

Glu102 1 0.88 0.03- - 0.88 0.03 - - - -
Vall03 4 0.77 0.01- - 0.77 0.01 12.8 4.2 2 0.1
Leul0d4 2 0.87 0.03- - 0.87 0.03 48.6 201.6 -

Leul05 2 0.8 0.04- - 0.8 0.04 1346.4 348.2 -

Lys106 5 0.39 0.020.82 0.02 0.48 0.02 1093.2 50.2 -
Serl07 5 0.08 0.010.75 0.05 0.1 0.02 839.5 109 -
Aspl08 5 0.03 0.020.51 0.04 0.06 0.04 5429 22.7 -

Table 25 — Motional Parameters Computed For Holo-A77V-TrpR UBMogel-free
Analysis.

Residue Model & Er S% emr S ermr  1o(ns) (%) g_%’i err
Metl -

Ala2 -

GIn3 -

GIn4 -

Serb5 -

Pro6 - - - - - - - - - - -
Tyr7 5 0.21 0.01 0.79 0.01 0.26 0.01 837.8 56 - -
Ser8 5 0.24 0.06 0.75 0.04 0.32 0.07 1000.3 77.4 - -
Ala9 5 0.33 0.08 0.61 0.06 0.54 0.11 999.6 179.5 - -
Alal0 5 0.44 0.01 0.8 0.01 055 0.01 986.2 435 - -
Metll 5 0.44 0.02 0.83 0.03 0.54 0.03 1057.9 65 - -
Alal2 5 0.55 0.01 0.81 0.02 0.69 0.02 1062.3 60.5 - -
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Gluli3 5 0.59 0.03 0.84 0.04 0.7 0.05 1115.3 136.2 - -
Glnl14 5 0.7 0.040.91 0.02 0.77 0.02 1028.4 97 - -
Argl5 1 0.85 0.02 - - 0.85 0.02 - - - -
His16 4 0.78 0 - - 0.78 0 11.5 1.8 1.7 0.1
GIn17 - - - - - - - - - - -
Gluis 2 0.88 0.02 - - 0.88 0.02 32.3 269.8 - -
Trpl9 2 0.87 0.01 - - 0.87 0.01 41.2 78 - -
Leu20 - - - - - - - - .

Arg21 1 0.92 0.01 - - 0.92 0.01 - - - -
Phe22 3 0.890.01 - - 0.89 0.01 - - 1.3 04
Val23 - - - - - - - - -

Asp24 1 0.98 0.02 - - 0.98 0.02 - -

Leu25 1 0.89 0 - - 0.89 0 - - - -
Leu26 3 0.83 0.03 - - 0.83 0.03 - - 1.8 0.5
Lys27 4 0.82 0.01 - - 0.82 0.01 19.8 5.6 3.7 04
Asn28 4 0.850 - - 0.85 0 59.5 3.2 09 0.2
Ala29 2 0.94 0.02 - - 0.94 0.02 48.1 368.9 - -
Tyr30 3 0.81 0.02 - - 0.81 0.02 - - 2.7 0.7
GIn31 2 0.87 0 - - 0.87 0 21.9 09 - -
Asn32 2 0.81 0.01 - - 0.81 0.01 8.6 29 - -
Asp33 3 0.82 0.03 - - 0.82 0.03 - - 2 0.5
Leu34 2 0.92 0.01 - - 0.92 0.01 39.8 46 - -
His35 1 0910 - - - - - - - -
Leu36 1 0.91 0.02 - - 0.91 0.02 - -

Pro37 - - - - - - - - - - -
Leu38 3 0.850 - - 0.85 0 - - 15 03
Leu39 2 0.86 0 - - 0.86 0 16.9 34 - -
Asn40 1 0.9 0.01- - 0.9 0.01 - -

Leudl 1 0.91 0.01 - - 0.91 0.01 - -

Met42 1 0.92 0.04 - - 0.92 0.04 - -

Leu43 1 0.83 0.01 - - 0.83 0.01 - -

Thrd4 -

Prod5 - - - - - - - - -

Asp46 1 0.89 0.01 - - 0.89 0.01 - -

Glua7 1 0.92 0.03 - - 0.92 0.03 - - - -
Arg48 4 0.86 0.01 - - 0.86 0.01 25.2 2.4 09 03
Glu49 1 0.88 0.03 - - 0.88 0.03 - -

Ala50 1 0.87 0.01 - - 0.87 0.01 - - - -
Leu51 3 0.8 0.02- - 0.8 0.02 - - 21 04



Gly52
Thr53
Arg54
Val55
Arg56
lle57

Val58
Glu59
Glu60
Leu6l
Leu62
Arg63
Gly64
Glu6s
Met66
Sere7
GIn68
Arg69
Glu70
Leu7l
Lys72
Asn73
Glu74
Leu75
Gly76
Val77
Gly78
lle79

Ala80
Thr81
lle82

Thr83
Arg84
Gly85
Ser86
Asn87
Ser88
Leu89
Lys90

N

NPFPPRPRPRRRPRPRPPRP

=N

62

ABRNRL O

0.87 0.02 -

0.91 0.01 -
0.93 0.01 -
0.92 0.02 -

0.91 0.04 -
0.89 0.01 -

0.950

0.91 0.01 -
0.89 0.01 -
0.88 0.01 -

0.83 0

0.82 0.02 -

0.790

0.87 0.04 -

0.87 0.03 -
0.83 0.01 -

0.78 0.01 -
09 0.01-
0.87 0.05 -
0.64 0.03 -
0.75 0.01 -

09 O

0.91 0.05 -
0.890.01 -

09 O
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0.87

0.91
0.93
0.92

0.91
0.89
0.95
0.91
0.89
0.88
0.83
0.82

0.79
0.87

0.87
0.92

0.95
0.9

0.87
0.64
0.75

0.9
0.91
0.89

0.9

0.02 -

0.01 -
0.01 -
0.02 -

0.04 -
0.01 -

0.01 -

0.01 -
0.01 -

0.02

17

31.9

0.04 -

0.03
0.01

0.01
0.01
0.05
0.03
0.01

48.6
720.3

1272.3
33.4

14.5
37.6

0.05 -
0.01 -

27.1 - -
99.7 - -

324.8 - -
441.7 - -

2.3 24 0.5
5.9 08 0.2
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Ala91 1 0.83 0.01 - - 0.83 0.01 - -

Ala92 1 0.84 0.03 - - 0.84 0.03 - -

Pro93 - - - - - - - - .

Val94 1 0.86 0.01 - - 0.86 0.01 - -

Glugs - - - - - - - - -

Leu96 1 0.9 0.02- - 0.9 0.02 - - - -
Arg97 2 0.85 0.02 - - 0.85 0.02 56.8 121.2 - -
Gln98 4 0.82 0.03 - - 0.82 0.03 12.2 4.1 24 0.6
Trp99 1 0.92 0.02 - - 0.92 0.02 - - - -
Leul00 4 0.84 0.03 - - 0.84 0.03 14.3 4.5 16 04
Gluiol 1 0.930 - - 093 0 - -

Glui02 1 0.89 0 - - 0.89 0 - -

Vall03 1 0.91 0.02 - - 0.91 0.02 - -

Leul04 1 0.9 0.02- - 0.9 0.02 - - - -
Leul05 2 0.830.01 - - 0.83 0.01 32.2 6 - -
Lys106 5 0.4 0.020.75 0.05 0.54 0.05 1075.8 83.8 - -
Serl07 - - - - - - - - - - -
Aspl08 5 0.020.01 0.53 0.03 0.04 0.01 546.2 59 - -

Table 26 °N-Relaxation Parameters Measured For E73 At pH 5.0 And 312 K.

PN-T, BN-T, BN-T,

- - 15y _s L 15
'FIS\(/%[?ll-Z‘due Sﬁ::ggf nge{(:;il]:)) e (o, (ms) % (ms) ﬁﬂ
MET 1 - - - - - -

VAL 2 -0.29 0.01 7729 7.4 2457 149
GLU 3 -0.28 0.01 758.1 525 311.1 3.7
SER 4 - - - - - -

LYS 5 - - - - - -

LYS 6 - - - - - -

ILE 7 0.12 0.01 725.8 6.2 156.4 1.2
ALA 8 0.34 0.01 684.7 4.0 1137 1.8
LYS 9 0.57 0.03 758.1 33.0 899 22
LYS 10 0.70 0.01 7348 0.2 849 35

LYS

[ —
[

1

1

1

1

1

1



THR
THR
LEU
ALA
PHE
ASP
GLU
ASP
VAL
TYR
HIS
THR
LEU
LYS
LEU
VAL
SER
VAL
TYR
LEU
ASN
ARG
ASP
MET
THR
GLU
ILE
ILE
GLU
GLU
ALA
VAL
VAL
MET
TRP
LEU
ILE
GLN
ASN

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

0.72

0.70
0.67

0.78
0.76
0.74
0.74
0.79
0.80
0.74

0.80
0.78
0.70
0.80
0.81
0.78
0.73
0.75
0.78
0.68
0.71
0.75
0.75

0.83
0.80
0.81
0.79
0.75
0.77
0.75
0.78
0.75
0.76
0.77
0.78

0.02

0.02
0.03

0.01
0.01
0.01
0.04

0.01
0.01
0.02

0.01
0.01
0.03
0.03
0.02
0.01
0.02
0.01
0.01
0.01
0.03
0.01
0.06

0.01
0.02
0.01
0.01
0.01
0.02
0.02
0.01
0.03
0.03
0.01
0.01
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760.8

725.7
721.7

783.2
705.1
735.6
759.3
767.4
675.7
769.4

797.6
795.1
739.3
743.3
777.6
749.3
718.9
919.2
864.2
847.1
728.5
675.5
706.3

690.7
683.4
702.3
683.1
760.1
716.0
753.0
690.2
727.3
701.7
734.5
791.5

8.8

5.7
41.5

9.4
14.5
20.6
9.9
82.4
7.6
91.9

6.8
2.1
10.3
1.6
29.1
15.1
25.3
8.3
19.9
10.8
17.0
11.9
13.2

13.9
7.8
26.8
1.8
8.4
5.2
15.2
89.7
1.2
20.2
15.0
11.0

74.0

81.1
89.7

79.6
67.1

64.2
68.0
61.1
70.4
63.6

62.2
64.3
81.8
62.8
62.8
67.3
66.9
64.7
61.5
74.2
68.6
73.6
73.8

70.5
69.7
70.3
68.5
71.2
62.6
59.6
71.2
68.5
70.0
67.2
73.9

0.7

0.2
1.9

5.3
0.1

1.7
1.8
2.0
1.0
0.5

0.3
0.1
1.6
0.1
3.1
0.1
0.1
0.3
1.4
0.8
3.2
0.2
0.9

2.5
0.7
1.7
0.7
0.6
0.2
0.5
0.8
2.4
11
0.4
1.7



211

LYS 51 0.71 0.02 758.7 6.9 70.5 0.4
GLU 52 0.74 0.01 676.0 8.8 73.8 0.8
LYS 53 0.69 0.01 7256 1.7 73.8 0.3
LEU 54 0.68 0.01 767.7 8.9 76.6 0.6
PRO 55 - - - - - -
ASN 56 0.75 0.03 7273 1.2 68.5 2.4
GLU 57 - - - - - -

LEU 58 0.73 0.01 7348 1.8 68.9 0.3
LYS 59 0.79 0.01 708.6 17.6 69.9 0.1
PRO 60 - - - - - -
LYS 61 0.69 0.02 7675 04 70.3 1.7
ILE 62 0.74 0.01 737.6 93.3 69.9 0.9
ASP 63 - - - - - -
GLU 64 0.75 0.01 772.2 13.1 68.9 0.5
ILE 65 0.68 0.05 753.3 7.6 67.1 0.2
SER 66 0.79 0.01 7059 3.1 68.6 0.4
LYS 67 0.74 0.00 692.2 9.6 70.6 0.9
ARG 68 0.75 0.01 7314 4.0 69.1 0.6
PHE 69 0.69 0.01 733.8 10.2 72.9 2.1
PHE 70 0.62 0.01 749.9 59.0 87.1 0.4
PRO 71 - - - - - -
ALA 72 0.16 0.01 779.6  50.7 1771 5.0
LYS 73 -0.64 0.01 1003.2 9.7 471.1 1.6

Table 27. Spectral Density Values For E73 Measured At 14.1 T.

Restype Res# Jett(0), ns/rad J(wy), ns/rad J(0.87wy), ps/rad
MET - - -

VAL 128 + 0.10 0.27 + 0.01 2596 + 0.30
GLU 094 + 002 028 + 0.02 26.35 + 1.78

LYS

1
2
3
SER 4 - - -
5
LYS 6



ILE
ALA
LYS
LYS
LYS
THR
THR
LEU
ALA
PHE
ASP
GLU
ASP
VAL
TYR
HIS
THR
LEU
LYS
LEU
VAL
SER
VAL
TYR
LEU
ASN
ARG
ASP
MET
THR
GLU
ILE
ILE
GLU
GLU
ALA
VAL
VAL
MET

0
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

P 2o ©®

2.16
3.06
3.98
4.23

4.90

4.43
3.98

4.55
5.41
5.67
5.35
5.99
5.13
5.74

5.90
5.69
4.40
5.81
5.83
5.41
5.43
5.68
5.98
4.91
5.30
4.90
4.90

5.14
5.19
5.15
5.29
5.10
5.82
6.14

+ + 1+ I+

I+

+ I+

+= + + + + + + + + H+ 1+ + I+ += + + ++ + + I+

H+ + + H+ 4
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0.02
0.05
0.10
0.18

0.05

0.01
0.10

0.32
0.01
0.16
0.15
0.19
0.08
0.05

0.03
0.01
0.09
0.00
0.31
0.01
0.01
0.02
0.14
0.06
0.25
0.02
0.06

0.19
0.06
0.14
0.06
0.05
0.02
0.06

0.31
0.34
0.32
0.33

0.32

0.34
0.34

0.32
0.35
0.33
0.33
0.32
0.37
0.32

0.31
0.31
0.33
0.33
0.32
0.33
0.34
0.27
0.29
0.29
0.34
0.36
0.35

0.36

0.36
0.35
0.36
0.33
0.35
0.33

+ + H+ 1+

+ I+

+= + + + + &+ + + + H+ + H+ 4+ += + + + + + I+

+ + + 1+ H+ H+ I+

0.01
0.01
0.01
0.01

0.01

0.01
0.02

0.01
0.01
0.01
0.01
0.03
0.01
0.04

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01

19.16
15.03
8.44
6.36

5.93

6.89
7.59

4.59
5.32
5.52
4.74
4.26
4.62
4.87

3.90
4.32
5.90
4.63
4.02
4.56
5.42
4.08
3.98
5.89
5.77
6.00
4.43

4.07

5.01
3.99
5.01
4.94
4.80
4.98

+ + 1+ I+

I+

+ I+

+= + + + + + + + + H+ 1+ + I+ += + + ++ + + I+

+ + + + ++ + I+

0.26
0.46
1.09
0.01

0.86

0.89
1.40

0.58
0.44
0.17
1.51
0.46
0.43
1.09

0.19
0.40
1.22
1.30
0.76
0.10
0.91
0.17
0.20
0.56
1.28
0.12
2.63

0.42
1.11
0.46
0.45
0.40
0.71
0.83
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TRP 46 5.08 + 0.07 0.36 + 0.05 4.98 + 0.64
LEU 47 531 + 0.20 0.34 + 0.01 4.95 + 1.48
ILE 48 5.17 + 0.08 0.35 £+ 0.01 4.91 + 1.34
GLN 49 542 + 0.04 0.34 + 0.01 4.67 + 045
ASN 50 492 + 0.12 0.31 + 0.01 4.13 + 0.40
LYS 51 5.16 + 0.03 032 + 0.01 5.77 + 0.63
GLU 52 488 = 0.06 0.36 + 0.01 6.00 + 0.26
LYS 53 490 + 0.02 0.34 + 0.01 6.89 + 0.05
LEU 54 473 + 0.04 032 + 0.01 6.29 + 043
PRO 55 - - -

ASN 56 531 + 0.19 0.34 + 0.01 4.95 + 1.52
GLU 57 - - -

LEU 58 5.27 + 0.02 0.33 + 0.01 5.73 + 0.23
LYS 59 5.18 + 0.01 0.35 + 0.01 4.84 + 0.67
PRO 60 - - -

LYS 61 5.17 + 0.14 0.32 + 0.01 5.88 + 0.97
ILE 62 5.19 + 0.07 0.33 + 0.04 5.52 + 0.70
ASP 63 - - -

GLU 64 5.28 + 0.04 0.32 £+ 0.01 4.87 + 0.39
ILE 65 542 + 0.02 0.33 + 0.01 6.02 + 1.85
SER 66 5.29 + 0.04 0.35 + 0.01 4.65 + 0.43
LYS 67 5.12 + 0.07 0.35 + 0.01 5.84 + 0.25
ARG 68 5.25 £+ 0.05 0.34 =+ 0.01 5.13 + 042
PHE 69 497 + 0.15 0.33 £+ 0.01 6.58 + 0.23
PHE 70 412 + 0.03 0.32 + 0.02 7.68 + 0.69
PRO 71 - - -

ALA 72 1.89 + 0.06 0.29 £ 0.02 16.77 + 1.10
LYS 73 0.59 =+ 0.01 0.20 + 0.01 25.58 + 0.30

Table 28 — Motional Parameters Computed For E73 Using Model-free Analysis.

Res R

es err
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1.00 0.01
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1.00 0.01
0.98 0.01
0.98 0.02
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1.00 0.01
0.93 0.01
0.94 0.01
0.89 0.01
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0.90 0.01

1.00 0.01
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0.96 0.06
0.93 0.02
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0.33 0.02
0.08 0.01
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113 30 0.7
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70 14 0.7
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48 21 14
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1298 194 0.9
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56 7 -
1002 41 -
696 4 -
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0.2
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Table 29. Regulon of TrpR Transcription FactoEhlsherichia coli Strain K-12.

Operon Position Sequence
trpE-trpD-trpC-trpB-trpA -183 CGAACTAGTTAACTAGTACG
trpR -66 CGTACTCTTTAGCGAGTACA
mtr -72 TGTACTCGTGTACTGGTACA
aroL-yaiA-aroM -79 TGTACTAGTTTGATGGTATG
aroH -164 TGTACTAGAGAACTAGTGCA
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Figure 39. Variation of Relaxation Constants &hd T, With Correlation Time (Or
Tumbling Time),t..
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Figure 40. Figurative Representation Of Molecular Reorientationidtednal Motions
Parameters Calculated From Model-free Approach In A Prolaps&d Molecule.
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FAST Modelfree Protocol

Preparation of Input Files

Prior to beginning an analysis, several files must be creatpdrede files for T1, T2 and
NOE data files for each static field (only one in our caseusecanly 600 MHz used)

should be made. The form of the file should be one line per resuitheresidue number,

relaxation rate and error specified. The fields may be sephtst any combination of
spaces and tabs. An example is illustrated below (the firsshinald not be included in
the data file):

Res # Rate Err

2 152 34

5 164 42

6 183 20

9 167 43

If an axially symmetric diffusion tensor is desired, a coordifid® file must also be
properly prepared. Preparation of the PDB file requires seveyas.sSEirst, all H atoms
must be added to the structure file if using a xtal structure gub.Chn be done by a
number of programs, including the freely available program MolMol
(http://www.mol.biol.ethz.ch/wutrich/software/molmol). If MolMol is used, tleezessary

H atoms may be added via the following MolMol commands:

ReadPdb input.pdb
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CalcAtom "H*"
SelectAtom ‘atom.name "*Q*"
RemoveAtom 'selected’

WritePdb output.pdb

Next, the coordinate system of the PDB file should be moved to titer @f mass of the
molecule. Finally, an estimate of the diffusion tensor should be aradi¢he axis of the
PDB coordinate system should be rotated so that they are algiinethe principal axis
of the diffusion tensor.

These final two transformations may be accomplished with the garegt'pdbinertia”

and "r2r1_diffusion" which are available from the website:

http://www.palmer.hs.columbia.edu/software/diffusion.html

Details for the operation of these programs can be found on thesPkboratory
website (the link given above). (Optional) The diffusion tensor valuesn fr
r2rl_diffusion can be confirmed by comparing with those obtained from NN

program.

The user should be aware that the program ModelFree will not ®olengthing other

than ATOM statements. All other statements, headers, etc. sheutdmoved before

running ModelFree.
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Parameter Input

The graphical user interface may be invoked with the command "sekipHAMe user

may then specify the various parameters as desired. These parameides incl

FASTModelfree Parameters

Name For Output FilesThis is the name that will be given to some of the output files

created by FASTModelfree.
SSECutoff This is thea-critical value for the synthetic distribution bf . TheT'i for a
given spin is compared to th@ of the a-critical value as part of the protocol to

determine if a particular model is appropriate for the given dgie. most commonly

used value is 0.93SSE = Sum of Squared Errors)

FTest Cutoff This parameter is similar to the SSECutoff, but referthéocritical value

used during the statistical F-test needed to assign two paramadels. The value most

commonly used is 0.80

Model 1 Only In some cases the authors have noticed a significant improvement in speed

when initially only those spins which fit model 1 are used to estimate the diffusgor te

In cases where there are a large number of spins or mul@pie siagnetic fields it can

be beneficial to perform analysis using only model 1, then edftarhing a tensor which
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is self consistent with the set of spins assigned to model b Bagicalculation again

with this new tensor and allow all models to be fitted.

S2Cutoff: Spins whose calculated 8alue is below this cutoff will be excluded during

diffusion tensor optimizations.

Random Number Seedeed number given to the random number generator. Never

changed.

Number Of MC SimulationsNumber of Monte-Carlo simulations used for statistical

error analysis.

MFPAR Parameters

>N Magnetogyric RatibMagnetogyric ratio of°N. Typically = -2.71.

N-H Bond DistanceN-H Bond distance, in Angstroms. Typical value used = 1.02.

>N CSA: **N chemical shift anisotropy, in ppm. Typical value used = -160

Data Files
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The necessary input data files and magnetic field strengttbmaglected here. Clicking
on the box next to the text entry will open a file selection wind&wDB file is not

required for use with an isotropic diffusion tensor.

Tensor Optimization Parameters

Diffusion Tensor Axially symmetric or isotropic diffusion tensor may be selected.

Optimize Tensor?: If this option is set to "No", then only a single round of model

selection will be performed and subsequently the diffusion tenfiarot/be optimized.

In general, this should be set to "yeshe remaining dialogue boxes allow specification

of parameters related to the diffusion tensor.

For each parameter, initial estimates, gridsearch ranges arttbnoigridsearch steps
may be specified. The convergence limit indicates the maxiraomaunt of change
allowed in the tensor compared to the previous iteration to detewhieier the system
has converged to a diffusion tensor which is self consistent withethef sassigned

models.

Running FASTModelfree

Once all parameters have been entered as desired, the user ghecidhe SAVE
CONFIG or
SAVE CONFIG and EXIT button. This will write a file in the cent directory named

FMF.config which contains all of the desired parameters. Til@sid intended to be
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human readable, although all parameters may be specified whihigraphical user

interface.

The user may now invoke the second part of FASTModelfree by runninmddele
"fastMF".

This module reads the FMF.config file and begins the actual d&gses. A great deal
of diagnostic output is created by this module, which details ttisides made in assign

models and optimizing the tensor.

FASTModelfree Output

The output from FASTModelfree is grouped into several files. First, the mtfdst&F"

will directly output a great deal of information on the particulafsthe model
assignment. In addition, several other files will be created theurdetail both the
process and results. These files are typically named accaodihg name for output files
specified during setup. In this example, the name for output sipeified in the

graphical user interface is assumed to be TrpR.

TrpR.log This will detail the model assignments and tensor data doh éndividual

iteration, as well as whether the system has converged within the user defiited li
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TrpR.x.par The model assignments and spin parameters for each mesaticstored in
separate tab delimited files. These files contain the firag@sd models and relevant

motional parameters.

TrpR.x.pdb These files are created only if an axially symmediifusion tensor is used.
They contain the original PDB file with the coordinate systemated to the principal

axis of the diffusion tensor used during the current iteration.



