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Historically it has not been possible to directly observe the
native zinc metal of Z&™ metalloproteins by liquid- or solid-
state NMR methods. Even with today’s 21 T magnets, if solution
NMR methods afforded observable zinc resonances in a metal-
loprotein, the resulting line widths (due to quadrupole relaxation)
would obscure the determination of site specific isotropic chemical
shifts. In the absence of this shielding information, the utility of
this experiment is significantly weakened. Even in the case of a
single site, thasotropic quadrupole coupling constant extracted
from the data by itself is not as easily correlated with structure
in the absence of knowing the full quadrupole tensor. That level
of detail can only be obtained by a solid-state NQR or NMR
experiment. The liquid-state data can be further complicated by
the presence of distinct, multiple sites. In the absence of
independent information the resulting spectra are at best difficult
to interpret.

Due to the difficulty in observing such a broad, low-frequency
resonance via solution NMR spectroscopy 30 years ago, a
surrogate probe strategy was developédlhe strategy was the
replacement of the metal of interest, in this cas& @ad/or Zi3",
with CP*. With almost 30 years of literature behind it cadmium
substitution seems to be working and is well understood. The
solid-state 1*3Cd experiments afford a direct comparison of
shielding tensors with X-ray structural data, thus providing the

means to probe structure and function. However, the purpose of

this communication is to demonstrate that this surrogate probe
strategy may no longer be necessary.

After the studies of Oldfielland Bastowthere has been little
work done on solid-state NMR of noncubic zinc compounds, until
the recent observations &Zn-enriched model complexes utiliz-
ing both magic angle spinning (MAS)Nd static spirrecho
methods’® However, to make these measurements routinely on

a natural abundance or biological sample where the metal center

is in a dilute environment, e.g., a metalloprotein, a different
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strategy has to be employed. For example, consider the model
compound for the active site of carboxypeptidase A (CPA), zinc
diimidazole diacetate, Zn(ImOAc),. For an equal mass, going
from the model compound to the protein (CPA) a dilution of a
factor of 110 of observable zinc has occurred. The loss in
sensitivity caused by dilution must be regained in such a way
that the structural information, the value of the quadrupole,
shielding tensors, and their relative orientations, is retained. We
recently outlined a strategy for gaining back this dilution faétor.
This can be obtained by a combination of low-temperature NMR
experiments,cross-polarization methods (CP)and spin-echo
techniqueg!13

Central to this strategy is the development of an NMR probe
utilizing a cryostat (supplied by Oxford Instruments) to observe
zinc at low temperatures {2250 K)* Employing this new probe
and spir-echo methods outlined previoustyve have improved
the sensitivity 0f’Zn NMR spectroscopy sufficiently to observe
the 87Zn signal in a metalloprotein in the solid state. Figure 1
represents the first direct observation of &%Zaite in a protein
by methods other than X-ray/EXAFS. The protein investigated
was the minimal DNA binding domain of xeroderma pigmento-
sum A (XPA-MBD), a 14.7 kDa protein and an essential
component in the multienzyme nucleotide excision repair (NER)
pathway. The Z#r site is structural in XPA rather than catalytic,
which was one of the reasons for its selection. The NMR solution
structure of XPA-MBD was recently determin&dAn isotopically
enriched®Zn XPA-MBD was prepared as described previolsly
except 75L of 0.5 M ¢7Zn-labeled (88%) zinc acetate was used
when inducing protein expression in 750 mL of minimal medium.
The purified XPA-MBD was exchanged into 10 mL of buffer
(15 mM K,HPQ,, 2 mM DTT, pH 7.3) before lyophilization to
dryness. The sample was rehydrated by vapor diffusion, and the
final mass was 217 mg which is 18% water by weight.

The experiment was performed at 25 K with a combination of
CP° and spikelet echo (or QCPM&)pulse sequencés.A
cryogenic (77 K, N (1)) preamplifier supplied by Miteq (model
AFS, 25-30 MHz) with a nominal noise figure of 0.2 dB was
used to detect the NMR response, which afforded a 2-fold gain
in S/N over a standard preamplifier configuratfort The proton
field strength used was 60 kHz with a matching field of 20 kHz
for zinc and a 30 ms contact time. The proton reservoir was fully
recovered at 120 s; however, the data were collected every 60 s
with use of a proton flip back pulse. The spectrum shown in
Figure 1a was collected with 1090 transients (overall time 24
h). The selectiver pulse was 4s with an interecho separation
of 500us (a spike separation of 2 kHz in the frequency domain).
Figure 1b illustrates the CP/QCPMG spectruni’@gh-XPA-MBD
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Figure 1. (a) Experimenta$’Zn NMR spectrum of XPA-MBD at 9.4 T Figure 2. Experimental (a) and simulated (b and c) spectra of Zn[SC-
and 25 K, with 25 Hz conventional line boadening (LB), (b) data from (NH2)2J4(NO3). at 18.8 T.

part a apodized with 5 Hz conventional and 1 kHz matched LB and zero . . .
filled to double the echo spacing, and (c) simulation utilizing parameters ~ COmparing the line shape parameters from the protein and the
described in the text with 25 Hz conventional and 1.5 kHz matched LB, Model it is evident that both have similar environments. The

All spectra are conventionally zero filled to 512k points. isotropic chemical shifts of each are indicative of sulfur coordina-
tion (more deshielded than an all oxygen environment). From
resulting from application of a periodic apodization function the crystal structure of the thiourea salt, there are two bond
matched to the echo spacing and zero filling between the e¢hoes. l€ngths, 2.36 and 2.32 A; and the EXAFS gata.of XPA-MBD
Also shown in Figure 1 is the simulated line shape, using a SOW an average ZrS bond length of 2.34 A2 While this has
quadrupole coupling constant, Cg, of 4.9 MHz, an asymmetry !ed to similar isotropic shifts, itis c[ear that the quadrupple tensor
parametery,, of 0.84, and an isotropic chemical shift of 327.6~ 1S more sensitive to the coordination geometry. Work is already
ppm relative to 0.5 M Zn(OAg)(aq) solution. While it is clear underway in our laboratory to correlate the zinc quadrupole tensor
that the simulation is not optimal, the possible contribution of and structural information by using single-crystal experiméhts.
chemical shift anisotropy (CSA) cannot be determined accurately The d+ata_1 described here represent the first direct observation
at this field strength. It was also noted by Buchko et al. that the Of @ Z** site in a metalloprotein by NMR methods. However,
lyophilized protein has some disorder around the metal&ite. the techniques utilized to obtain these data are not optimized.
As a model for this coordination sphere, Zrbound to 4 The temperature chosen, 25K, was selected f@onsiderations.
sulfurs, we have examined tetrakis(thiourea)zinc nitrate. The BY utilizing paramagnetic dopants to shortép lower temper-
crystal structure is knowfiand Sham and Wu reported tHn atures may become more practical. This affords signal gain that
MAS NMR spectrum at 9.4 %2 The quadrupole tensor parameters €an be translated into a larger dilution of the metal. One can also
reported were Cg= 3.15 MHz withy, = 1. This complex was envision going to high field to gain sensitivity and thereby increase
prepared via methods previously described (at natural abundancejl® molecular weight of the observable protein further. These data
and a static, quadrupole echo experiment was acquired at 18.8 Trepresenta novel means to characterize the structure and bonding
(50.060 MHz for$7Zn and 800 MHz fofH), the results of which associated with the 2n in a metalloprotein. The use of solid-
are depicted in Figure 2. As shown in Figure 2b (simulation with State®’Zn as a means to characterizeZinas the potential of
Cq = 3.08 andy, = 0.9), the line shape at this higher field proyldlng a new Iev.eliof understanding of.the role of this metal
strength cannot be described by quadrupole coupling alone. Thein biology. Finally, it is also cle+ar that this same strategy can
simulation in Figure 2c has the same quadrupole parameters use@!SC be applied to Mg- and C&'-dependent proteins as well.
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