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The nuclear magnetic resonance properties of uncoupled spins 10 W LT T
belonging to solutes dissolved at millimolar concentrations are ade-
quately described by the phenomenological Bloch equatibtusy- 0.5 v

ever, for highly concentrated molecular species, such as water,
nonlinear terms must be included into the Bloch equations to ac-
count for an additional magnetic field,), which is created by

the transverse components of the magnetization, according to Lenz’s
law. TheBq field exerts a torque that rotates the water magnetiza-
tion toward thez-axis in a tuned coil, thus giving rise to the phen-
omenon of radiation damping. As a result of the~110 M con-
centration of water protons and of the typically high Q-factor of
modern NMR probes, radiation damping occurs in a time scale of
tens of milliseconds, and it often interferes with solvent suppres-
sion scheme%:® The time constant for radiation damping is expec-
ted to become even shorter with the advent of ultrahigh-field mag-
nets (i.e. 900 MHz) and the design of supersensitive probes, thus
making radiation damping one of the important problems in current
NMR spectroscop$’ In addition, it has been recently shothat

the joint action of the distant dipole field and of radiation damping
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causes the resurrection of water magnetization crushed by pulsed- K

field gradients. This process leads to the creation of an undesired o .
macroscopic signal characterized by chaotic dynamics, which affects 02 4 e B 1013 e e 0y 20
the reproducibility of the experiments. These observations therefore

emphasize the importance of a thorough understanding of the factors”/94€ 1. (Top) The inversiorrecovery (R) profile of the water
magnetization at 313 K is shown for samples containing 2 mM hen-egg

involved in radiation damping of yvater during NMR e>_<periments. white lysozyme in 90% bD/10% DO at pH 6.0 in the presenc®) or

The effect of pulsed-field gradients (PFGInd of active-feed- absence ¥ andO) of 2 M Gly-ds. Data denoted with@) was obtained
back on radiation damping has been extensively characterized. Herefrom experiments in which radiation damping was suppressed through
we show how radiation damping can be dramatically affected with- application of pulsed-field gradients. The inset shows a longer time course

t hard diust ¢ licati f pulsed-field dient of the same inversionrecovery profiles. (Bottom) The-R data of the
out haraware adjustments or application or puised-Tield gradients. |, o magnetization in samples containing 2 mM hen-egg white lysozyme

Specifically, we demonstrate that radiation damping is attenuated and 2 M Glyds obtained at different temperatures. A total ofd@tervals
by the incoherent dephasing of the transverse water magnetizationwere acquired for each experiment. See Supporting Information for further
caused by chemical exchange with the Nigroup of a well-known experimental details.
osmolyte, glyciné?® In addition, it is shown that this effect
suppresses the resurrection of unwanted macroscopic water gignalsis comparable to that of a chain of purging gradients applied during
Osmolytes, including glycine, are frequently used as co-solutes the recovery period, both in the millisecond (Figure 1, Top) and in
for biochemical samples to stabilize proteins in aqueous solu- the second time scales (Inset of Figure 1, Top).
tions1%11The concentration of Gly Nkt protons is only one order The role of the Gly-induced dephasing at pH 6.0 is further
of magnitude smaller than that of water protons at the molarity Supported by the more rapid water inversion observed when the
necessary for this stabilizing effect. Thus, significant dephasing of temperature is decreased stepwise from 313 to 278 K. The
the water transverse magnetization and consequent reduction ofdephasing becomes less pronounced and radiation damping is more
radiation dampmg is expected under the pH and temperature@ffective as the exchange kinetics moves from the intermediate
conditions for which the exchange rate between the GlyNhd toward the slow regime at low temperatures (Figure 1, Bottom).
water protons is close to the intermediate exchange retifRer This result is fully confirmed by a thorough monitoring of zero-
instance, at pH 6.0 and a temperature of 313 K, the GlyH  crossing times in water inversiemecovery profiles measured
water exchange is anticipated to fall within the intermediate kinetic Without gradients in the pH range-8 and at temperatures in the
limits,!3 at a field of 500 MHz and a dramatic suppression of interval 278-313 K (Figure 2, Top). As the pH and temperature
radiation damping is observed in water inversizacovery experi- ~ are increased in a stepwise fashion, the Gly;Ni#ater exchange
ments (Figure 1, Top). The observed effect under these conditionsrate shifts from a minimum at pH 4 and 278 K to a maximum at
pH 8 and 313 K. Thus, the exchange kinetics moves gradually from
the slow regime through the intermediate regime (Figure 2, Bottom)
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experimental conditions (Figure 2). When the exchange kinetics is
brought into the slow regime at pH 4 (Figure 3, ¢) or into the fast
regime at pH 8 (Figure 3, d), radiation damping becomes effective
again, and a resurrected macroscopic signal reappears.

In conclusion, we have shown that the dephasing resulting from
the intermediate chemical exchange between water and the protein-
stabilizing osmolyte glycine has a dramatic effect on radiation
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~ damping, similar to that of a series of repeated PFGs. This effect
o0 - is particularly relevant because it suppresses the resurrection of
weo I e mm oo omowe e undesired water magnetization crushed by pulsed-field gradients.
When used in combination with PFGs and water flip-back
pH=4 pH=5 pH=6 schemes? glycine is therefore expected to tame chaotic dynamics
e , and thus improve the reproducibility of the NMR experiments
303 K - . affected by it.
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Figure 2. (Top) Temperature and pH dependence of the zero-crossing time

in inversion-recovery experiments performed on samples containing hen-

egg white lysozyme (2 mM) ah2 M Gly-ds. The time values plotted . . . . .
represent the instant at which a change of sign of the water magnetization_CrOSSIng times at 600 MHz, solute (protein) spectra (PDF). This material

occurs. A total of 128 increments were sampled from 2.5 ms to 18 s, 1S available free of charge via the Internet at http://pubs.acs.org.

each with one scan and a 2408 Hz spectral width. A relaxation delay of 30

s between scans was used. (Bottom) Stacked 1D pIots_showing th_e effectReferences
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