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Chemical kinetic processes contribute to NMR transverse A o CH
relaxation via temporal modulation of eigenfrequencies of nuclear Nf 3
spin stated.This relaxation mechanism is referred to as chemical \ )

. e . cclf CH,
or conformational exchange. Methods for quantification of chemical
exchange arising from variation in isotropic chemical shiftsave . .
enabled powerful applications to functional dynamics of proteins  Aviso*3ADch Avigo—35ADcH den*Den,av

and other biological macromolecul&3However, such methods i
have three drawbacks: (i) broadening of nuclear spins with
differences in isotropic chemical shiftsvis, ~ 0 for exchanging UU

states cannot be detecte&ti) isotropic shifts for particular nuclei —_

1 <

can be indirectly affected by motions of remote moietigsnd 10 075 05 025 0010 075 05 025 00
(iii) Avisois not a direct structural constraint and must be interpreted 13C frequency (kHz)
using database analysis or theoretical modélifg. Figure 1. Methyl region of the slow (A) and fast (B) exchan€ spectra

The present work demonstrates that anisotropic spin interactions,of a weakly aligned?C;-methyl] DMTCA sample, collected at 281.3 and

such as residual dpoler couplings (RDG). i weakly ained 03 ebeutioblo S S0 ssaarciuning ovsens vy
molecules can be used to detect and quantify chemical exchange(red) and upﬁe)lld (blu(g) methqu_lgé RDCs, ADcy. contributes to the

processes. These interactions contribute to chemical exchange evefiequency differences between the equivalent quartet components in the
if Aviso = 0, are modulated only by motions of the affected nuclei, slow exchange regime (A) and causes differential line-broadening of the

and provide direct orientational constraints on molecular structure. quartet components in the fast exchange regime (B).
RDCs, generated using liquid crystalline media or other means, 0.5ADcy, andAvisq—1.5ADcw, WhereADey = Derdoun — Derap

have been extensively used for structural and dynamical studies of , _. . . o .
. A slight asymmetry in quartet intensities is caused by non-negligible
m m e§' 2,13 :H_l C dZ
small moleculeS and proteins: H RDCs andH quadrupolar ailntermethyllH-lH RDCs (Supporting Information, Figure S4) and

oo s e s By slow coformatonl mamis of {mperar radens
9 P YOUOPIC e NMR sample (Figure S5). In an isotropic sam@®cy = 0

o et o o i and e frequency iferences are a equabi, conrming
applisations of these metciiods to fairly small systems Heteronuclearthat differences betweel, scglar coupling constants are n_egligible.
1H-13C RDCs are devoid of these limitations and ar.e the primary Athigh temperature, rotation around the amide bond 'S fastand
focus of this work. a couplerE[PtC '\tlr':/lR sp:ect_trum of weal:jly aligned D;\/ITCA dl_spl?zg
. . . one quartet with population-averaged resonance frequencies (Figure

The small moIecuIeN,N-d|methyltrlchloroacetam|de. (D.MTCA) . 1B). The contribution oADcH to the frequency differences between
was used as a ”?Od.e' sys_tem for three reasons: (i) Chemlcalquartet components results in differential broadening manifested
e"xchange k.|r.1et|cs In Isotropic solut|on. are well characteri?éﬂ, . in the overall asymmetry of the quartet. Control simulations and
(ii) the transition from slow to fast chemical exchange occurs within experiments eliminate temperature gradieAbH intermethyl

an accessible temperatL_Jre range, and (iii) th_e chemical structureRDCs, and relaxation interference as the origins of this asymmetry
and hence molecular alignment tensor remain unchanged by the,_.
(Figures S4D and S5).

;Ee;'gaﬁégh;n(?% ?ri]o;ﬁsfj' Dvl\\jl?l'%(k/ aellr%nerde s;larrgg)less.nof g?tf”al Linewidths of the quartet components for DMTCA at three
u 2 Y Were prep using poly temperatures in the fast-exchange regime (Figure S3) were used to

y-benzyli-glutamate (PBLG), which forms a lyotropic nematic calculateADgy = kAvgnd INlrAvie, in which k is the kinetic rate

phzf'f whten dlssotlved |ntcrtl_loroform.d h id tial double- constant, site populations are set to Ay, is the difference in
ow temperature, rotation around the amide partial doubie- ;o iqins for outer (inner) quartet components, and= 3 (1)

bond is slow, and the methyl groups occupying cis and trans for outer (inner) lines. Values oADcy obtained from inner and

Fosmons_ reIaAtlve tol tgelé:gr,l\)ﬂonygl c’)\)l(k//lg;n reionate fat dlflzarent outer quartet components are in excellent agreement (Figure S6).
requencies. A couplie spectrum of-weakly To corroborate the line-shape analysf€-detected relaxation

aligned DMT.CA sho_w_s two res_olved qugrtets V\l”th different dispersion experiments were performed for aligned and isotropic
apparent multiplet splittings resulting from differéit-3C RDCs DMTCA samples at 325.5 K using a constant-time Catarcell-

fg. the dlczlvntlrer:d ECH""’W’) an(;j_ﬁupfleld D%H'Lt’p) methyl'groufps. _ Meiboom-Gill (CPMG) relaxation perioé? incorporating a central
(Figure 1A). The frequency differences between pairs of corre SBCT element®24to refocus effects of cross-relaxation. Dispersion

SEZ’:&“%g;ar;iteﬁzzo‘nilfgg' Stag'ﬁgfgghs mosAt Fjoxvnf|e|d curves for quartet components in the aligned sample have the same

q P AVisoT LAV CH, AVisoTU-2ALCH, AViso characteristic decay constant but different amplitudes (Figure 2).
t Columbia University. Frequency differepces obtaineq from fitting the experimental data
*Lund University. with the Carvet-Richards equatict were used to calculat®Dcy

13396 = J. AM. CHEM. SOC. 2007, 129, 13396—13397 10.1021/ja0761636 CCC: $37.00 © 2007 American Chemical Society
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Figure 2. CPMG relaxation dispersion curves for individual quartet
components collected using the aligned and (inset) isotropic DMTCA
samples at 325.5 K. The delay between1g0lses in the CPMG sequence
is 7¢cp. Fits shown with solid lines were generated using the CarRérhards
equatiore® Differences in the dispersion amplitudssiiitercepts) for the
quartet components arise fADcy = 0. Fitting procedures and data analysis
are provided in the Supporting Information.
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Figure 3. Temperature dependence &fy + Dcy for downfield (red),
upfield (blue), and motionally averaged (black) metA3C quartets in
DMTCA. Experimentally measured values are shown as circles, corre-
sponding linear fits with solid lines, and extrapolated linear fits with dotted
lines. The green dashed line is the average of the linear fits for the upfield

and downfield quartets in slow exchange. Squares represent data obtained(

from ADcH and Dch,ay Under fast exchange conditions.

—4.7 £ 0.2 and—4.2 £+ 0.4 Hz from outer and inner quartet
components, in excellent agreement with the results of the line-
shape analysis at 325.5 K4.2 and—4.3 Hz. Identical relaxation

dispersion curves were observed for quartet components in the
isotropic sample (Figure 2, inset). Parameters for the chemical

exchange process are given in Table S2.
The 13C-!H RDCs for DMTCA obtained from slow- and fast-

exchange spectra are consistent and show linear behavior for bot

L @0

NMR techniques already established for isotropic measure-
ments?325However, multipletH-H couplings in macromolecules
significantly impede!H spectral resolution, especially if high
degrees of alignment are needed to amplify RDC differences
between chemical states. Deuteratfoin combination with'H
homonuclear decouplidg may be necessary fotH-detected
experiments or direc¢fC detectio”® may be advantageous. Finally,

if chemical exchange parameters already have been obtained using
an isotropic sample, a single-field relaxation dispersion or line-
shape experiment on an aligned sample suffices to obtain RDCs
for use as orientational constraints for structural characterization
of exchanging chemical states.
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spectra, simulations dfC line shapes, temperature gradient controls,
13C line-shape and relaxation dispersion analysis protocols, and
temperature dependence of intramethyl proton RDCs. This material is
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