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ABSTRACT. The kink-turn (K-turn) motif is recognized and bound by a family of proteins that act as
nucleation factors for ribonucleoparticle assembly. The binding of various proteins to a conserved RNA
structural motif known as the K-turn has been shown to be an important component of regulation in the
ribosome, in the spliceosome, and in RNA modification. 15.5K is a prototypical example of a K-turn
binding protein, which has been shown to bind théJ8 stem-loop of the spliceosome and the box C/D
motif. We describe the solution NMR structure of free 15.5K, as well as studies of conformational flexibility
from 15N NMR relaxation and H/D exchange experiments. The protein appears well-structured aside from
conformational fluctuation ire3. Flexibility in fast time scale motions and the observation of limited
intermediate and slow motions further characterize the free protein and may suggest local contributions
to recognition and binding.

The processing of nascent RNA transcripts is essential toto its function in RNA splicing the 15.5K protein also binds
their utility. This processing includes base modifications the box B/C and box C/D RNA motifs7(12). Similar to its
(methylation and pseudouridinylation) as well as more role in splicing, 15.5K takes part in assembly of snoRNPs.
complex sequence modifications such as splicing. The These particles function in the nucleolus; therefore, 15.5K
spliceosome is a dynamic macromolecular complex which is a crucial multifunctional protein that participates in at least
undergoes significant rearrangements during the executiontwo distinct RNA processing events involving multiple RNA
of its function (L—3). The human 15.5kD/NHPX protein, or  targets.
simply 15.5K, specifically binds to U4 snRNA and is  The RNA targets for 15.5K share a novel structural motif
required for assembly of the full U4/U6 snRN®).(15.5K known as the kink-turn or K-turn. The K-turn motif appears
is highly conserved across species, and many aspects of it3o be ubiquitous, and examples of this organizational
function have been studied in the yeast homologue, Snul3pstructure have been found in ShRNA, snoRNA, the large and
(5—8). The 15.5K protein binds specifically to the 5'stem-  small subunits of the ribosome, and even pre-mRNA3).(
loop of U4 with aKq of 20 nM, and disruption of this  Although these motifs are found throughout the cell, 15.5K
protein—RNA interaction has been shown to block splicing and eukaryotic homologues have thus far been found to bind
(4). In the standard model of U4/U6 snRNP assembly and targets exclusively in snRNAs and snoRNAs, whereas the
rearrangement, 15.5K first binds to U4 snRNA, which leads archaeal protein homologue, L7Ae, binds targets in the
to the subsequent recruitment of the 61K protein and the rihosome in addition to snoRNAs. There is currently no high-
20/60/90K protein complex to the U4/U6 RNB)(During resolution structural information for a free K-turn RNA in
the transformation of the spliceosome into a catalytically solution, and based on first principle considerations and direct
active state, the base pairs between U4 and U6 snRNA areexperimental evidence it is unlikely that the uncomplexed
disrupted and the U4 snRNP is released, creating the U6/K-turn structure would be stable in solutioh4j.
U2/pre-mRNA complex which constitutes the catalytic core  pravious work on the 15.5KU4SL complex has shed
9. light on the manner in which 15.5K binds RNA. Hydroxy

Other types of RNA processing, such as methylation and radical footprinting studies of U4SL RNA conducted by
pseudouridinylation, are regulated by small nucleolar ribo- | {ihrmann and co-workers show a distinct pattern of
nucleoparticles (snoRNPs){ 11). Remarkably, in addition  protected residues, e.g.,293 and 43-47 are protected by
15.5K binding @). Structural information about this system
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forms a solid basis for studies involving interactions between experiments recorded with and without broadb#ndatura-
K-turn-forming RNAs and the proteins that bind them. tion for 5 s 27). Longitudinal NMR relaxation experiments
Comparative studies of free 15.5K, free U4SL, and the employed delay times of 45, 85, 130, 206, 286, 376, 477,
15.5K—RNA complex are essential for further progress in 582, 798, 998, and 1250 ms at 50.68 MHz and 45, 85, 130,
elucidation of the role of 15.5K in the regulation of splicing 206, 286, 376, 477, 582, 798, 998, and 1495 ms at 60.78
and RNA methylation functions. It has become increasingly MHz. Transverse NMR relaxation experiments at 50.68 MHz
clear that induced fit has a central role in the formation of employed CPMG delays of 8, 16, 24, 32, 48, 64, 80, 104,
protein—nucleic acid complexe®4, 25), and only a portion 136, and 168 ms. The corresponding experiments at 60.78
of its function in the 15.5K-U4SL complex has been MHz employed delays of 8.1, 16.2, 24.3, 32.4, 48.6, 64.8,
elucidated. The structural work reported thus far does not 81, 105, 138, and 170 ms.
include a complete free and bound pair for a single protein ~ Structure Calculation.Structure calculations including
species, and no complete dynamical studies for a K-turn automated NOE assignment were completed using CYANA
binding protein have been reported. We demonstrate here2.1 28, 29). Previously determined chemical shift assign-
that a solution NMR-based approach provides important new ments 80) were transferred to peaks in the NOESY data
insights into the structure, function, and dynamics of 15.5K before creating the input chemical shift list for calculations.

in the K-turn proteir-RNA interaction. Additional restraints used include torsion angle restraints
from TALOS (31) and 78 long-range NOEs for which
EXPERIMENTAL PROCEDURES unambiguous assignment was known. The final set of

o ) ) structures was further refined against experimental restraints

Sample PurificationThe amino acid sequence for human using CNS 82), validated using Pro-check NMR3®), and
15.5K was back-translated to produce the DNA sequence,yjsyalized using PyMOL (DeLano Scientific). The entire
employing codon usage optimized for expressiok ircoli. protein sequence including the N-terminal tag was used in
An N-terminal 6<-His-tag was coengineered into the nucle- styycture calculation, but only the 15.5K protein (residues
otide sequence, which was then generated using PCR and —12g) is included in the final structure. The rmsd of the
cloned into pET11a. This plasmid was used to transform giycture was calculated based on residues2¥, constitut-
BL21 (DE3) cells, which were then employed for the ing the ordered portion of the protein. The structure and

expression of 15.5K. Cells were grown at 3C in M9 selected associated data have been deposited to the Protein
minimal media, labeled usinNH,Cl and/or**C-glucose, Data Bank as 2JNB.

to an optical density of 0:60.8 (Asog) and then induced with 15\ Relaxation Data AnalysiResonances were quantified

1 mM IPTG fa 4 h toreach a terminal OD of 1:21.5. using their intensities, and uncertainties in these intensities

Cells were harvested by centrifugation and stored at yere estimated from duplicate measurement poifitsTo)
—80°C. After thawing, cells were lysed in Ni-binding buffer  ang the root-mean-squared noise of the matrix base-plane
(300 mM sodium chloride, 50 mM sodium phosphate, 10 (f14} —15\y NOE). Longitudinal and transverse NMR relax-
mM imidazole, pH 8.0) containing lysozyme and 1 MM aiion decay curves were fit to a single-exponential model,
PMSF. Following sonication, the cell extract was treated with gnq residual? values were generally less than the number
RNase A (10ug/mL) on ice for 20 min. The extract was  of fitted points, suggesting robust data analyg#i} —15N

then cleared by centrifugation and passed through a5 NOEs were calculated from peak intensity ratios.

filter. The extract was loaded onto a 5-mL Ni-IDA column, 15\ NMR relaxation parameters were analyzed using the
which was washed with binding buffer containing 100 mM ' gimple Model Free treatment of Lipari and SzaBd, (35).
imidazole, and the protein was then eluted with 500 MM Here the spectral density function for isotropic global
imidazole. The sample was concentrated and separated withympling is written as:

a gel filtration column to further purify His-15.5K from the

cell extract. The fractions containing the protein were then

concentrated and the buffer exchanged into 100 mM sodium Jw) = 2
chloride, 100 mM sodium phosphate, pH 6.0, using an 5
Amicon stirred cell. This process regularly yields-11b mg

of purified protein per liter of culture.. . wherer! = 7,71 + 7., 7. is the effective correlation time
NMR SpectroscopySamples containing-8% DO and for internal motion and® is the squared generalized order

~1.0 mM protein were used for all experiments. Distance parameter. Values fofBN bond length and chemical shift
restraints were obtained from 3BN- and *C-resolved anisotropy were taken to be 1.02 A andl70 ppm,
NOESY-HSQC experiments recorded at 18G% and 800 respectively.
MHz (*H). All NMR data were processed using Felix 97 The axial symmetric diffusion tensor was determined using
(Accelrys, San Diego CA) and peak lists generated from a data set trimmed as described below. Analysis resulted in
Sparky @6). the following parametersDis, = 1.48 x 107 s°%, D, = 1.58

All NMR relaxation experiments were recorded atZD x 10/, Dp = 1.44 x 10, 0 = 1.71, andp = 4.43. The
on a 1.5 mM sample of His-15.5K in 100 mM sodium Dy/Dgratio is then 1.1 for the free protein. This small amount
chloride, 100 mM sodium phosphate, pH 6.0. Longitudinal of anisotropy does not change model selection or the overall
(Ty) and transverseTg) relaxation of >N nuclei were pattern of Model Free values; therefore, isotropic tumbling
measured at 11.7 and 14.0 T, correspondintyNoLarmor was used for final analysis.
frequencies of 50.68 and 60.78 MHz, using pulse sequences The fit of the global correlation timerg) was ac-
based on thé’N-HSQC experimentZ7). The {*H} —1°N complished using a data set trimmed to exclude data from
NOE was also measured at both fields, basetPFHSQC residues which might exhibit conformational exchangg)(

Szfm +(1—52)1
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FiGURE 1: 1N-HSQC of 15.5K at 800 MHz in 200 mM sodium chloride, 100 mM sodium phosphate, pH 6.0,°&t &@own labeled with
resonance assignments.

e.g. those with low NOE values. Data for each residue were solution, as shown in Figure 1. The protein was observed to
then fit using model selection for the five models defined aggregate slowly in low salt buffers but was found to be
by Palmer and co-worker86). Based on this analysis, each stable in 100 mM sodium chloride, 100 mM sodium
residue was assigned to one of two models such that eaclphosphate, pH 6.0, at 2XC for several weeks. Backbone
residue was fit fol? andz,, and a few residues included an  gmide assignments are also shown in Figure 1, complete
additional fuj factor such thaex = fuj/(B?) whereB is the resonance assignments have been deposited in the Biological

Larmor frequency in MHz7). The resultindRextermwas ~ Magnetic Resonance Bank under accession number 7249,
only reported where the data could not be well fit by fewer znd associated information is availabB89),

parameters and a significantly positive value resulted. . .
Measured relaxation rates and order parameters have bee%JAhE:()lzug'ozg strugture_é)fdl_S.SK was catlclulated dusmg
deposited under accession number 15445 at the Biological d rel (28, )_a§ escribed n egpetl'_msln? 'FI)'LOCS uligs'
Magnetic Resonance Bank. and relevant statistics are presented in Table 1. The backbone

H/D Exchange.H/D exchange was initiated by buffer rmsd for the structured portion of the protein (res_idues
exchange into BD buffer containing 100 mM sodium 9—127) of the 20 members of the stru_cturg ensemble is 1.18
chloride, 100 mM sodium phosphate, pD 6.52. The sample A, and the structure has been deposited in the Protein Data
was applied to a desalting column equilibrated witsOD ~ Bank archive 40) under identification number 2JNB. The
buffer to exchange buffers. The dead time until the midpoint rmsd for all heavy atoms was found to be 1.7 A. The 15.5K
of the first experiment was 11.43 min. A series of - structures determined in two previous studies of the protein
15\ HSQC experiments were recorded with measurementsin binary (15.5Kk-U4SL) and ternary (15.5KU4SI-61K)
taken at intervals over 48 h following initial buffer exchange. complexes were refined to 2.9 A and 2.6 A, respectively;
Peak intensities were fit to a single-exponential decay therefore, all solved structures of 15.5K are of modest
function, and exchange rates were converted to protectionresolution. As can be seen in Figure 2, the protein is an
factors as per Bai et al38, 39). o—p—a sandwich as are all other examples of this class.

Overall, the protein appears to be well-defined and uniquely
RESULTS structured. The N-terminal affinity tag of the construct was

Solution StructureSolution NMR experiments demon- found to be unstructured and thus is not included in the

strate that the 15.5K protein is uniquely folded and stable in structural data submitted. Additionally, the N-terminus of
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Table 1: Statistics for the NMR Solution Structure Ensemble of the the sub-ns angis to ms time scales, motion occurring on

Human 15.5K Protein, Submitted to the PDB as 2JNB the time scale from-1(? ps to a few ns can be detected as

NOE distance constraints a quenching of the anticipated NOE, e.g., as evaluated in
total 1090 regular secondary structure elements wherein large NOE
short range 713 values are expected.
medium range (¥ |i - j| < 5) 148 The relaxation analysis for the free 15.5K protein used

tor';gg ;i%?gfegtg;iit? 229 99 residues for which the resonances could be clearly
total 200 resolved. The initial data set containifg, T,, and NOE
phi 100 measurements for the two fields was then trimmed as
psi _ 100 described in Experimental Procedures to remove residues
g;;ﬁg?@:%;ﬁgﬂggn 0'2.118 A exhibiting conformational exchange. The global fit of the
heavy atom rmsd to mean 1.68 A trimmed data set for the combined fields resulted in a global

Ramachandran analysis: correlation time ofr, = 11.75 ns, which is reasonable for
most favored 82.3% these conditions and the estimated volume of the protein.
additionally allowed 16.6% Analysis of the axial symmetry of the protein revealed an
generously allowed 1.0% . . . . .
disallowed 0.0% axial ratio O/Dp) of 1.1 42). Consideration of the fitted

motional parameters confirms that this minor anisotropy does
. . . . . not change either selection of the optimal model nor does it
the protein up to and including N7 is flexible and unstruc- significantly influence the determine®, 7, or Rex values
tured. (43). Therefore, isotropic tumbling was assumed for data
The NMR structural model with the least violations was analysis and the resulting Model Free parameters for free
used for comparison with the crystallographic X-ray struc- 15 5K in solution are displayed in Figure 4. Data were fit to
tures of the complex (PDB IDs 1E7K and 20ZB). The one of two models (with or withouRe,) based on a
overlay of the three structures is shown in Figure 3, and the combination of model-fitting analyses as implemented in
alignment of backbone atoms has an rmsd of 1.1 A for either relxn2.2 B7). Residue E52 could not be fit to any model
bound form compared to the free structure, which is within with reasonable values. Apart from the flexible N-terminal
the rmsd between individual members of the structure region’ Squared genera"zed order parame@bdre uni-
ensemble. The two structures of bound forms of 15.5K are formly high, [($0~0.9, indicating that the protein backbone
nearly identical. Differences in the relative placement of js relatively rigid on the subnanosecond time scale. Several
helices between the free and bound forms of 15.5K include residues exhibit re|ative|y low order parameters, which
the rotation ofa4 away from the protein and a slight curve  suggest regions of local flexibility in the fast-motion time
in a5 resulting in new position for the C-terminus. The most  scale (ps to ns). These are highlighted in yellow in Figure 5
notable difference between the crystal structure of the and correspond to both termini and two residues found to
complex and the solution structure presented here occurs folinteract with the U4SL, E41, and R923). The correlation
residues 6378 (3). Analysis of chemical shifts in the3 times for local backbone motion display a similar pattern
region supports the secondary structure pattern seen previsuch that the bulk of the residues exhibit relatively rapid
ously of a short helix (6365) followed by a much longer  |ocal correlation times[§.~ 62 ps).
helix (67_75) (23), however, the NMR structure calculations The Ry component of relaxation depends in a Comp|ex
resulted in a single helical element which is capped by P70 fashion on the relative populations of subconformegsand
(see Figures 2 and 3). Medium-range NOEs indicative of py) the related chemical shift differences of nuclei in the
helices were not found for residues—706. In fact, relatively various conformational StateA@N), and the rate of inter-
few restraints were found for this region, which is consistent conversion between such statés)( (44). The Re, values
with conformational fluctuations. determined in the current study are relatively small, and
5N NMR Relaxation Analysi&nowledge of the dynamic  attempts to directly measure tii, contribution using an
characteristics of a protein is critical to understanding its R-CPMG experiment45, 46) were unsuccessful (see Figure
structure-function relationship. Dynamics constitute a fun- S1 of the Supporting Information). Therefore, inasmuch as
damental mechanism by which proteins can explore multiple the focus of the current study is aimed at elucidating the
conformations in the search for a structure that either salient features of the dynamics of the free protein, for the
recognizes a target structural motif or presents a recognitionpurposes of the current analysis, the presence or absence of
motif to a binding partner. Additionally, biological function relatively slow {s to ms) local motions is the key observa-
often depends on system transitions that proceed from stategion.
of lower energy to states of higher energy, which may be The relaxation model evaluation process described in
accessed via local fluctuations. Longitudinal)@nd trans- experimental procedures identified 17 residues with small
verse (B) N NMR relaxation together with thg'H} —15N but statistically significanRex contributions to relaxation.
NOE yield information about both global tumbling and the Residues were only fit to a model includifyy if the data
motion of backbone HN bond vectors. Derived bond vector were not well fit to a simpler model, and if the result of
motion on the relatively fast ps time scale is accompanied including such a term resulted in a significantly positive
with information about the motional amplitud@&\ relaxation value. These are identified in red in context of the sequence
can also report on motion on thes to ms time scale, and and secondary structure in Figure 5. As can be seen in this
although motional amplitudes cannot be derived in this figure, these regions are localizeddehelices 1, 4, and 5.
regime, under favorable circumstances the relative population Hydrogen Exchange of Amides (HXhe exchange rates
of states in exchange may be obtaindd)( In addition to of amide hydrogens have long been used as a probe of



Structural and Dynamical Studies of 15.5K Biochemistry, Vol. 46, No. 51, 200714983

FIGURE 2: Solution NMR structure ensemble of 15.5K with an rmsd of 1.68 A. The stereoview image pair shows the ensemble of 20
structures, well-defined aside from the N-terminus af¥dregions.
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FIGURE 3: Agreement between structures and states of 15.5K shown < 31 .
by overlay of a representative structure from the NMR structure \"lx . .
ensemble (red), isolated chain A from PDB entry 1E7K (gray), o 27 . . -
and isolated chain A from PDB entry 20ZB, (black). The 1 * .
latter two are almost identical structures. The structures are oriented * ¢ L ®
such that the U4 RNA binding interface is at the bottom of the 0 . . : : ; . ;
protein. 0 20 40 60 80 100 120

Residue Number

solvent accessibility and motion in proteingd7( 48). . .
. IGURE 4. Model Free analysis of backbone NMR relaxation data
Experimentally measured exchange rates are compared t({()r 15.5K free in solution at 20C. Data recorded at 500 and 600

those determined for random coil peptides and converted intopmHz (1H) were used to fit (af, (b) e, and (C)Rex for 7m = 11.75
slowing or protection factors3@). The level of protectionis  ns as described in Experimental Procedures.

due to contributions from both static and transient exposure ) ) )

to the solvent. The data is interpreted in terms of the protein P& Otherwise expected based on consideration of the sur-
structure such that regular secondary structures would berounding residues and secondary structure elements. Some
expected to be more protected, whereas the regions lying®f these residues correspond to the K-turn RNA binding
outside of regular structural elements will experience less Interface, including V95, R97, and 1100. Other significant
protection. In addition, these exchange rates can result from'€9ions of low protection include residues-888 of helix 4

a wide range of timescales and generate a view of internal and thea3 region, which will be discussed in greater detalil

protein motion which complements that revealed by relax- Pelow.
ation analysis.

HX rates were measured for the native state of free 15.5K DISCUSSION
in solution at 20°C. The most rapid rate that could be Structural changes that occur as a result of the interactions
measured using the experimental scheme wa99 mir?. between proteins and RNA oligonucleotides are of intrinsic
The fitted rates are presented along with the log of the importance due to their vital functional roles. Specific
protection factors (lod¢/key)) as Supporting Information.  examples of K-turn binding proteins exhibit distinct patterns
These protection factors are plotted relative to secondaryof structure and dynamics that may be associated with
structure elements in Figure 6. Analysis of this data reveals differences in their precise functional roles. L7Ae is a
regions of the protein which appear less protected than wouldmember of the K-turn RNA binding protein family and the
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proteinr—RNA contacts. Residues demonstratRg for the backboné>N nucleus are highlighted in red, residues which are flexible on the
basis of a lowZ in yellow, and U4SL contacts are highlighted in green as described in Vidovic et al., 2000.

>[a2] > >[od] > in the complex, which manifests itself as the sharpening of

1e+6 resonances in the 2BN-HSQC spectrum20).
1e+5 - The bulk of backbone amide residues in free 15.5K exhibit
1e+4 A relatively high order parameters and rapid local correlation

' | times, and relaxation data for the bulk of the molecule are
1e+2 well-fit using the simple Model Free analysis. The implica-
s ‘ ‘ ‘ tion of this result, with respect to an induced fit hypothesis
= 3 -l il for the interaction of 15.5K and its RNA target, is thus that
Al 5 e A =2 ha i 250 15.5K presents a relatively rigid initial contact platform on
) the timescales sampled by NMR relaxation analysis. Al-
Residue Number _ ~ though the results @8N NMR relaxation analysis confirm
FIGURE 6: H/D exchange protection factors for 15.5K in solution 4t the protein is relatively rigid, departures from this general
at 20 °C are displayed alongside secondary structure elemems'trend are found at the N-terminus and several isolated sites
Residues for which exchange was too rapid to be measured are ; : X :
indicated by an asterisk. The N-terminus through V6 is flexible or unstructured and
does not exhibit regular secondary structure until A16. On
functional homologue of 15.5K in Archaea with 33% the basis of chemical shift analysis, residues-12 appear
sequence identity to 15.5K49). This protein binds K-turns  to have some3-strand-like character, but no NOEs were
found in the ribosome and the sRNA box C/D and box found to support including this region as part of the core
H/ACA motifs, and its structure has been studied in complex S-sheet.
with various targets13, 16, 17). Recently, a structure of Residues 6378 of 15.5K are somewhat underconstrained
free L7Ae was also determined, in which the backbone of in the structural analysis; however, some aspects of this
the free protein structure shows no significant deviation from region of the protein may be illuminated by discussion of
bound L7Ae, which suggests that the recognition and binding the observations available. Chemical shift analysis (not
of the K-turn does not entail a significant structural confor- shown) predicts a helical structure, but NOEs to unambigu-
mation change for the proteid®). Additional new structural ~ ously support this classification for the entire region were
data for Snu13p (70% identical to 15.5K) ald jannaschii not found. Structure calculations suggest that a single helix
L7Ae lend further support to this conclusiob® 19). These spans the first half of the region, is capped by P70, and
structures are in contrast to the structural differences previ- continues as random coifN relaxation analysis shows no
ously seen for L30, which has likewise been characterized unusual features other than potential RNA-binding residues
in both its free and bound form2@-22). The ribosomal discussed below. On the other hand, the H/D exchange data
L30 protein is not a functional homologue of 15.5K, but is available reveal a lack of protection from exchange through-
clearly a member of the same structural family of K-turn out the segment. The lack of robust NOE constraints and
binding proteins and retains 18% sequence iden@).(In the relatively weak protection against hydrogen exchange,
the eukaryotic L30, a segment of the protein corresponding taken together, indicate that portions of 8 helix may
to residues 86100 in 15.5K undergoes secondary structure undergo conformational fluctuations. Complementary data
transitions upon complex formatio21). Interestingly, the  from a recent mutational survey of surface residues in 15.5K
free L30 was only stable at higher salt concentrations andreveals that residues 77 are critically important for
low temperatures, as we have seen for 15.5K, while the L30/ binding the 61K protein§0). The 15.5K-61K interaction
pre-mRNA complex was stable at low salt and room is believed to be essential for U4/U6 assembly and remodel-
temperature, indicating the apparent stabilizing effect that ing, and the involvement of the3 region of 15.5K in this
RNA binding has on the proteir2Q). In addition, a number interaction has been confirmed by a ternary structure of
of domains of the free L30 protein appear to undergo 15.5K—U4—61K (51). This information provides a compel-
conformational exchange but adopt a unique conformation ling context for interpreting the NMR relaxation and protec-

1e+3 A

Protection Factor
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interesting. The N-terminus of the helix is weakly protected Laboratory, a national scientific user facility sponsored by

tion data and suggests that local motion presentdmay
be an important attribute of the protein interaction interface
of 15.5K.

from hydrogen exchange including two residues with rates
too fast to measure. Residues-8®2 exhibit conformational

the Department of Energy’'s Office of Biological and
Environmental Research and located at Pacific Northwest

exchange in the free solution state, yet the amide protonsNational Laboratory.

are highly protected from solvent exchange. Therefore,
although the structure of the helix is well-defined, there are
unique local motional factors which have a potential
functional role for the protein.

The RNA-binding surface of 15.5K is clearly of central
importance to the current study. Analysis of the RNA-binding

SUPPORTING INFORMATION AVAILABLE

A table containing the observed hydrogen exchange rates
and subsequent protection factors for free 15.5K, and
example plots forRex measurements for 15.5K are also
presented. This material is available free of charge via the

surface suggests that regions of the protein that contact thelnternet at http://pubs.acs.org.

RNA possess unique structural and dynamical features, for
which several key positions are discussed below. 165, which
is in the middle ofa3, exhibitsRex and minimal protection
from HX, and E41, at the beginning a2, is more flexible
(low &). Other notable positions are localized to the loop
spanning residues 9301, wherein residues V95, R97, and
1100 show limited protection from hydrogen exchange
events, and marked flexibility is noted for R97. This loop is
of particular interest because of its homology to the mobile
loop in L30 1) and its position on the RNA binding
interface of 15.5K. Therefore, conformational exchange and
other fast motions are evident in strategic locations that are
likely to influence adaptive interactions between the 15.5K
and its RNA targets.

In summary, the mechanism of proteiRNA recognition
for the K-turn systems such as 15.5K has important implica-
tions for the general role of induced fit in recognition and
binding for proteir-RNA complexes. The eukaryotic L30

protein has been shown to undergo structural rearrangement

whereas the 15.5K orthologues Snul3p (yeast) and L7Ae
(Archaea) apparently do not, and recent work has demon-
strated significant conformational flexibility in K-turn RNAs
(14, 52—54). Results of the current study support the theory
that induced fit drives the 15.5KU4SL interaction through
localized motions in the protein combined with presumably
larger conformational changes in the structure of the RNA.
Backbone dynamics and H/D exchange data add further
support to minor structural changes in some regions of the
protein upon binding RNA. The work described here is the
first study of the dynamics of a eukaryotic K-turn RNA
binding protein free in solution and confirms the presence
of several regions of conformational exchange or flexibility
in the free protein. The high level of sequence and structural
similarity among 15.5K orthologues also establishes the
importance and applicability of the results of the dynamical
studies discussed here.
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