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In the search for new antiviral drugs, techniques for identifying a) 50% 509 80% 80%
and characterizing novel leads become increasingly important. Here, 8%, b N
we describe the use of saturation transfer difference (STD) NMR 81% H_ Kﬁz ﬁz © COOH 1
spectroscopy”’ to identify and characterize the binding of an SN ’\ '\g'o% o
antiviral compound to native human rhinovirus serotype 2 (HRV2). C:g% 30%
The experiments demonstrate that it is well possible to subject 190% I MIC,=7uM
targets of the size and complexity of whole viruses (for a model of
an HRV2 particle cut open, cf. the table of contents) to STD NMR 0
experiments. The principles of STD NMR have been known for b) /FN/)_@O \O}N 2

many year$;* but it was only recently that the potential of this

technique for screening of libraries for compounds with binding

activity toward protein receptors has been realiz&@robably even MICg, = 0.06 uM

more important, the technique is also well suited to analyze binding Figyre 1. The structures of the antiviral compounds used in this study. (a)

epitopes of ligands bound to receptor proteins at atomic resolUtion. Compoundl, REPLA 394 and (b) compoun®, WIN 52084 (bottom).
Previous NMR studies of virusigand interaction employing The MICs is the concentration resulting in protection of 50% of the cells

NMR chemical shift titrations have required very large quantities against infection by HRV14. The percentages shown for REPLA 394 are
the results of group epitope mapping, using the method of Mayer and Meyer

of the virus? This approach is impractical, in particular when  anq the spectra shown in Figure 2. 100% is defined as the peak with the
dealing with pathogenic viruses. On the basis of the example of a largest intensity in the STD spectrum (Figure 2d) with respect to its
low molecular weight inhibitd¥(Figure 1) that binds to an 8.5 MDa  counterpart in the reference spectrum (Figure 2a). A larger percentage

human rhinovirus. we demonstrate that solution state STD meth- therefore denotes a closer proximity to the protein surface. Consequently,

! . . these protons are important in determining the binding epitope of the ligand,
OdOIOQY not only reduces the gmount of virus required by in this case, the protons of the benzene ring and the methyl group of the
approximately 2 orders of magnitude but also allows for the pyrole.

identification and characterization of viraigand interactions at . - . .

atomic resolution. the spectra was determined and divided by the time taken to acquire
The very large size of viruses makes them particularly attractive Lhe fhpectrurr][. F][f‘.’“.“ tk;'s’_l_?l satfu ratlon”t |mebaf 2z w?s four;d to

for studies by STD NMR, as they inherently yield large line widths € the most eflicient. Therefore, -all subsequent sSpectra were

allowing for the irradiation of the virus without affecting the ligand obtained ﬁ'th thlslsat:Jrattl)on tlmde.FThe sg;naclils of thte ?ntlvtlr:alt
protons. Furthermore, because of the larger correlation time of a cOmpoundl were clearly observe (Figure 2), demonstrating tha

virus in comparison to an average sized protein, spin diffusion and this ligand binds to HRV2. A second sample containing methyl-

thus saturation transfer is very efficient. The large line width has a-o-glucog;l/ranlogd_elgng rSn_?lchamI E}t 6]1 ca. 10-fold excess over
additional benefits not just for STD-based NMR methods but also compound. only yleldec 2 signais from gompourﬂj un-
for transfer NOESY spectra, as protons from the virus capsid are ambiguously discriminating binding and nonbinding compounds

invisible in the NMR spectra (for an example of a transfer NOESY (data not shown here, Cf Su_ppc_>rting Information).
spectrum, see the Supporting Information). To demonstrate specific binding of compouhdo the hydro-

Human rhinovirus serotype 2 (HRV2), a member of the minor phpbic pockets of HR.VZ,.a STD titration series was performed
receptor group of the rhinovirus genus within the picornavirus using a more p(_)tent viral inhibitor, compouat (_struc_ture_s and
family, contains a positive (messenger) sense 7.5kb RN#th antiviral _p_otenmes toward HRV14 are summgr_lzed in Figure 1).
associated polyamine counteriodg.he RNA is surrounded by an The addition of compounﬂ toa sample containing compou@d
icosahedral protein capsid, consisting of 60 protomers, each fsmd H_RV2 results in a goncentratlon-dependent reduction in the
comprising 4 polypeptides. The binding site for the antiviral intensity of the STD signals observed for compouhd(cf.

compounds investigated in this study is a hydrophobic pocket within SuEgti/rgng Infor?atlon). _In ﬁonstr_?lst, the blndlnghof compoﬂhd_
the viral coat protein VP22 As each of the 60 pockets is available to cannotbe seen In the spectrum at the concentrations

for occupation by a ligand, the virus concentration in the samples employed in this study. The reduction in the STD signal intensities
can be reduced according,ly (in this study to 0.02) of compoundl upon addition of2 can thus be used to infer the
The binding of an antiviral compountito HR\/Z was studied presence of another compound competing for the same binding site.

at an approximate 6000-fold molar excess over HRV2 virus In general, this is particularly useful for the (indirect) detection of

particles. A series of STD spectra was obtained with saturation times ET%”Q I\?If amk’] I|ganr:1| V\Sth d?‘ ve‘:y smaI(ID v:lue (less tharlll (;a}rlD
ranging between 0.5 and 4 s. The signal-to-noise ratio in each of nM), where the binding kinetics lead to very smal

effects’141t has been demonstrated that competitive STD titration
t University of Luebeck. experiments can be used to determine Kaevalue of a ligand.
* University of Vienna. Similar strategies to determin&, values from competition NMR
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In addition to the detection of binding, a complete mapping of the
ligand binding epitope was achieved. To date, cocrystallization of
the virus and inhibitor was required to obtain this kind of

b) information. Where sample production, solubility, or viral contain-
ment is a problem, the requirement of only small quantities and
concentrations is an enormous advantage over other screening
) methods.
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Figure 2. (a) Reference spectrum (with off-resonance irradiation only) for
compoundl and HRV2, (b) A 1D NMR spectrum of compourdhlone?®

(c) STD spectrum for HRV2 in the absence of compodndnd (d) STD
spectrum, for compountl (120uM) with HRV2 (20 nM) at a molar ratio

of 6000:1 (100:1 over the binding site$)The difference spectra (c,d) show

Supporting Information Available: STD spectra of compountl
in the presence of HRV2 and nonbinding ligands. Transfer NOESY

only peaks for compounds that bind to HRV2. The only peaks visible in _Spe_c_tr_um ofl n the presence of HRV2. Data analysis of th_e compgtltlve
(c) correspond to the polyamines that serve as counterions for the RNA in Inhibition of binding of1 to HRV2 by compoun@ (PDF). This material
the center of the virion. The spectrum shown in (d) shows additional is available free of charge via the Internet at http://pubs.acs.org.
resonances for compourid which is assumed to bind in the hydrophobic
pocket in VP1. The asterisks denote peaks arising from residual dimethyl-
formamide?°
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REPLA 394 (compound) was synthesized according to Artico and co-
workerd and further purified using preparative thin-layer chromatography.
The final preparation includes a small quantity of dimethylformamide,
which gives rise to the peaks marked with asterisks in Figure 2b. The
NMR spectra were obtained from a sample in 50 mM potassium phosphate,
150 mM sodium chloride, BD buffer containing 5%ds-DMSO at pH

7.4. Saturation was performed atlO ppm for the reference spectrum
and at—10 and—1 ppm for the difference spectrum. The spectra shown
Figures 2 and 3 were obtained with a field strength of 12.1 T (500 MHz).
The titration experiment with compoun? was performed at a field
strength of 16 T (700 MHz).
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