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Intramolecular Nuclear Overhauser Effects in Proton Magnetic Resonance
Spectra of Proteins

By IaiNy D. CaMPBELL, CHRISTOPHER M. DoBsoN, and RoBERT J. P. WiLL1AMS
(Departments of Biochemistry and Inovganic Chemistry, South Parks Road, Oxford)

Summary The observed negative nuclear Overhauser
enhancements in the *H n.m.r. spectra of lysozyme are
used to obtain information about molecular motion which
is compared to similar information obtained from measure-
ments of spin-lattice relaxation times.

THE nuclear Overhauser effect, which arises from selective
saturation of transitions in a spin system coupled through
dipolar relaxation mechanisms has been used extensively in
the study of small molecules by 'H n.m.r.1»2 For a homo-
nuclear double-resonance experiment, the signal can be
enhanced by as much as 509%,. However, Balaram et al.?
observed, on irradiating some resonances of a large mole-
cule, a reduction in the signal from a small molecule in rapid
exchange between free solution and the large molecule.
The signal from protein bound ¥F has also been observed
to disappear on irradiating specific 'H resonances? i.e. the
““enhancement’”’ approaches —1009, in this system.

In the course of double-resonance experiments on the

spectrum of hen-eggwhite lysozyme?:® we have observed

that the irradiation of certain aromatic protons causes a
substantial decrease in the area of the resonances of other
aromatic protons. In this communication we report an
analysis of this effect for one of several coupled systems
which we have studied in the lysozyme spectrum.

Figure (a) shows a small part of the spectrum of lysozyme.
The resonance at 6-28 p.p.m. is a triplet (clearly observed
using resolution enhancement techniques?) and has an area
corresponding to one proton. It is shifted by ring current
effects outside the main envelope of aromatic proton
resonances and is thus easy to observe. The 6-28 p.p.m.
triplet can be shown to be coupled to a doublet at 676 p.p.m.
and a triplet at 6-82 p.p.m.® The triplet at 6-82 p.p.m. is
also coupled to a doublet at 7-76 p.p.m. These decoupling
experiments confirm that these resonances are from the
benzenoid ring of a tryptophan residue. Since the two
resonances coupled to the observed peak at 6:28 p.p.m. are
close together, irradiation at 6:8 p.p.m. can be used to
saturate these two resonances and to decouple totally the
triplet resonance [Figure (b)]. The area of the triplet
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(a) A small part of the 270 MHz Fourier transform spectrum of
10 mm hen lysozyme in D,0, pH = 4-0 at 68 °C, (b) effect of
‘continuous’ irradiation at 6-8 p.p.m., (c) resonance at 6-28 p.p.m.
decoupled, without Overhauser effect, (d) with Overhauser effect,
without decoupling.

resonance is reduced by 45 4- 10% in this experiment,
whilst other nearby resonances are unaffected. Irradiation
at positions other than 6-8 p.p.m. causes no decoupling or
area change at 6-28 p.p.m.
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The decoupling and Overhauser effects can be separated
using the gated decoupling methods described for coupling
between 'H and 2C nuclei.!:# The only difference in a
homonuclear experiment is that the decoupling power,
switched on during data accumulation, is applied using a
time-shared method.!® Figure (c) shows the spectrum
decoupled but without an Overhauser effect. The area of
the 6-28 p.p.m. resonance is the same in Figures (a) and (c)
within experimental error (4+10%). A spectrum showing
the Overhauser effect, without decoupling is shown in
Figure (d). The area of the 6-28 p.p.m. resonance in Figure
(d) is 55 4+ 10%, less than that in Figure (a).

Using the formula relating the enhancement and the
molecular correlation time, 7., presented by Balaram et al.?
an enhancement of —50 4- 109, at 270 MHz corresponds
to a value of 1-5 4+ 0-3 x 107?s for 7o,. This value is a
lower limit since relaxation from sources other than the
irradiated transitions are neglected in this treatment.

‘Wehavealso used a 180°~7-90° pulse sequencel? to measure
the spin-lattice relaxation times (7',) of the lysozyme protons
at two frequencies. At 270 MHz, under the above con-
ditions, T, = 1-2 4 0-1 s and at 90 MHz, T, = 0-26 4 0-05
s, for the proton at 6-28 p.p.m. This T, ratiol? gives a
value for 7o of 1-1 4 0-4 X 107°s. The agreement between
this value and that calculated from the Overhauser enhance-
ment implies that the relaxation of the proton at 6-28 p.p.m.
is totally dominated by the two protons which resonate
around 6-8 p.p.m. If the hydrodynamic radius of lysozyme
is assumed to be 14 A and if the viscosity at 68 °C is 0-5
centipcise, the value for 7, obtained using the Stokes
equation is 1-2 X 10~®s, which agrees very well with the
above experimental values. Assuming the usual tempera-
ture dependence of viscosity and correlation times the
value of 7, at 25 °C is expected to be about 2-8 X 10?s
from these results.

We have also decoupled the resonances of the methyl
groups of lysozyme but no Overhauser effects have been
detected. This is expected since the relaxation of each
proton in a methyl group is dominated by its two nearest
neighbours.

The observation of the large negative enhancement para-
meters may be particularly valuable when macromolecules
larger than lysozyme are studied. In such systems the
spin-coupling is unlikely to be observable and the Overhauser
effects would then have to be used to assist assignment.
As we have shown previously, resonances affeccted by
applied irradiation can be readily identified using difference
spectroscopy.®!?
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