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It has long been recognized that proteins are dynamic systems 2 — — i e
and that this dynamic quality is important to protein functidtiviR A .

1
spectroscopy has evolved to become a powerful method for e . g 3
experimental quantification of conformational dynamics of protéins. _0'3 { e ¥ &IE M ’1\ f ‘[
506 l - L
|

Historically, the sampling of*N relaxation due to dipoledipole
interactions with its attached hydrogen has been the principal 04
measurement of subnanosecond motion of the polypeptide backbone >
in proteins® In general, these experiments have suggested that the
protein backbone is highly rigid on the picoseceminosecond _
time scaleé* In an effort to more fully characterize the motion of B
the polypeptide chain of proteins, we have developed a comple-
mentary approach based on the transverse cross-correlated relaxation o.s +—
rates betwee®CO chemical shift anisotropy and th&O—13Ca.
dipolar interactions which are sensitive to the motion'i6&—
13Ca bond vectoP 04
Here, we investigate the changes in subnanosecond time scale o=
backbone dynamics of calcium-saturated calmodulin (CaM) upon
binding of a peptide (smMLCKp) corresponding to the calmodulin 08
binding domain of the smooth muscle myosin light chain kirfelse. C
CaM contains two globular domains each containing two calcium- 06
binding EF-hand motifs, connected by a central helix that is 04
dynamically disordered at its cenfein the presence of ligand, JRES I X .
the two domains form a clam-shell around the bound peSt@iely <] bt e
small structural changes occur within the N- and C-terminal o1 I ]
domains’ The ligand-induced conformational changes are ac- 02 NI S & . |
companied by the diminishment in the amplitude of subnanosecond !
time scale dynamics of the methyl-bearing side chains, as detected @ 40 00 idae 100 120 140
by deuterium relaxation in methyl groufs.In contrast, the Figure 1. Generalized order parameters and their differences for smML-
amplitude of subnanosecond time scale dynamics of the protein CKp-complexed CaM (blue) and free CaM (red). All data werr recorded at
backbone as monitored BN relaxation in amide N-H groups is 11T and 308 K using a single sample of uncomplexed CaM and a single
not sffcted, except for th elon bridgng the ™o dlobulr S3IPls %S0 SRES M 1l STRLEKS P, Bl o e
dor_nainsl.o These findings implied that pept_ide bin_ding causes a A) for the NH veétors. The dgta and error bargaveregcomputed With the
major loss of conformational entropy of the side chains, but seemed program Modelfreéld (Panel B) for the3CO—13Cq. vectors, as derived
to indicate that the entropy of the backbone was not affected by from the {3CO—-CSA) — (*3CO—1%Ca) dipole R, cross-correlated relaxation.
the binding proces¥. Here we show that th®CO—13Co. vectors The error bars represent the spread obtained from five (CaM-free) and three
report a significant loss in dynamics upon ligand binding, suggesting (CaM-complexed) CT-HNCO data sets. (Panel C) Red: differences

. s ASco-co (SMMLCKp-complexed minus CaM free). GreeNScy, for the
that the entropy of the backbone contributes to the binding free gjge chain methyl symmetry axes, derived frétquadrupolar rélaxation,

energy after all. obtained and replotted from ref 10a for comparison. The asterisks indicate
13CO—13Ca. cross-correlated relaxation rates were measured with alanine residues.
a 3D HNCO experimeft-ewithout Co. decoupling in the constant-
time carbonyl evolution period. For consistency, #g_y order
parameters for CaM in the two states were redetermihéd. we
previously reported® the 15N relaxation data suggest that the
protein backbone, in both states, is homogeneously rigid in regions
of defined secondary structure with some flexibility in the loops,

Sos

[i]

linker, and terminal regions (Figure 1A). The average change in
Pn-n (ASy-yD upon ligand binding is a very sma#0.01 +
0.003 units (bound minus free, not including the data for the
linker),’2 also in agreement with the previous rep¥#t.
The13CO—13Ca cross-correlated relaxation rates depend on the
global tumbling time, the Zo-c, order parameters, and the site-
tThe University of Michigan. to-site differences in th&CO chemical shift anisotroy(CSA),
* University of Pennsylvania. see Supporting Information. The effective isotropic tumbling time
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for each state was obtained from il relaxation data (anisotropy Acknowledgment. This work was supported by the National
in rotational diffusion is insignificant for CaM-fréeand CaM- Science Foundation Grant MCB 0135330 to E.R.P.Z. and National
complexed®d. Figure 1b shows significant differences between the Institutes of Health Grant DK39806 to A.J.W.

cross-correlated relaxation rates of the backbone of calmodulin in
its free and complexed states. This is especially true in the
C-terminal globular domain. To minimize the influence of the
variability of thel3CO CSA on our interpretation, we discuss here
only the differences in the order parameteA§co-c,, between

the ligand-bound and ligand-free state for those residues that showecheferences
a change in isotropié3CO chemical shift of less than 0.5 ppm.
The ASco-co parameters shown in Figure 1C suggest that the
backbone dynamics of CaM is strongly perturbed upon the

Supporting Information Available: Three tables with relaxation
rates, methodology used to extract order parameters from the relaxation
rates. This material is available free of charge via the Internet at
http://pubs.acs.org.
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