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RNA plays important roles in biological processes, includ-peaks in NOESY spectra is important because it provides the
ing propagation of genetic information and enzymatic catalmost useful information for making these assignments. How-
ysis! Two-dimensionalH-NMR spectroscopy can provide ever, spectral overlap in these regions often limits research-
a wealth of structural information about RNA molecules. Asers’ ability to make assignments in RNA oligonucleotides,
the first step in these structural studies, complete spectralspecially those that are large.
assignments must be made. Assigning base protons andSklenar and Feigon introduced the HOENOE experiment
sugar H1' protons is often straightforward in helical regtons.to select cytosine H6 doublétdhe HAL experiment was
However, assignments are difficult in the presence of misproposed to select singlets instead of doublets by Kojima
matches and in single-stranded regibh$he combination and Kyogokf The HOENOE and HAL experiments were
of BC-*H- and'H-H-correlated experiments and NOE ex- applied to simplify the proton NMR spectra of the DNA
periments enable the identification of each individual spinbase-proton region. However, the HOENOE experiment suf-
system. Identifying sequential base-H1 and base-sugar croders from the low signal intensities and experimental diffi-
culties. The HAL experiment showed incomplete selection
of the signals due to imperfect signal canceling. Here we
present an experimental technique that can selectively filter
the NOE connectivities involving pyrimidine H6 resonances
to simplify the NOESY spectra of RNA oligonucleotides.
Figure 1 shows the pulse sequences that have been employed
in this work. After the Hahn-echo (2041804), the selec-
tive 9C pulse on H1'/H5 region causes elimination of pyri-
midine H6 proton resonances. TE9IX pulse, followed by
a delay, A=1/(2)us.16), produces an anti-phade doublet.
Application of a selectivé pulse to H5 creates unobserv-
able multiple-quantum coherence. F®F9C, all H5-H6
coherence is multiple-quantum, and therefore no signal is
Figure 1. Pulse sequences for pyrimidine-filtered experiments,observed. On the other hand, for purine H8/H2, in-phase

which eliminate H6 magnetization in tha dimension (A) orin  coherence is created by the 1@0ise between the delays.
the «p dimension (B) in NOESY spectra. The wide bar representsy

the shaped pulse in the H1'/H5 region. The phase of the shapeoPe use of selective pul;e instead of non—sele(?tive spin lock
pulse is equal to that of the marked pQise (asterisk), and the rest pulse in the HAL experiment reduces the residual doublet

of phase cycle is fully analogous to that of the unfiltered P€aks due to incomplete selection of the signals by phase
experiments. cycling. The resulting two-dimensional spectra obtained are
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Figure 2. Expanded region of the 600 MHE-NMR spectra of a 28-nucleotide RNA molecule. In contrast to a standard NOESY
experiment (A), a pyrimidine-filtered NOESY experiment (B) does not show NOEs involving pyrimidine H6 resonances. The @yrimidin
crosspeak (H5-H6) (A) and purine resonances (H8/H2) assignments are labeled. The sample contained 1.5 mM RNA in 10 mM sodiun
phosphate at pH 6.5. A sinc3 shaped pulse centered at 5.7 ppm with 6 ms duration was used for pyrimidine H5 excitatioa. Data we
acquired with 51% 2048 complex points with 16 transients per increment. Mixing time was set to 400 ms. The boxed peaks that are
difficult to identify in (A) due to spectral overlap are easily detected in (B).

10 presented here do not require isotope labeling or any special

. ACAU  cn hardware for hetero-nuclear experiments. NMR experiments

GGCAGUG GC g using pyrimidine-filtered pulse sequences have no magneti-

,CCGUCAC— . __CG zation transfer stgps, but they do require delgys for multiple-
G~ » CU guantum generation by homo-nuclear coupliig.gs ~ 7.5

Scheme 1 Secondary structure and numbering of the RNA,  HZ). Compared to a conventional unfiltered technique, this
technigue does suffer from potential additional signal losses
of [1-exp £2A/T,)]. In our case, T for purine H8 protons

nonsymmetrical because of the use of both selective filtraranges from 120 to 60 ms, so 40 to 70%, on average 52%,
tion in one dimension and nonselective excitation in thesignal losses are observed. Pulse sequences also can be used
other dimension. for studies of DNA, which is not commonly studied by iso-

Application of this pyrimidine-filtering technique to a 28- tope labeling.

nucleotide RNA is illustrated in Figure 2. This RNA, Acknowledgment This work was supported by an Inter-
r(GGCAGUGACA UGCGAUUCGC GCACUGCC), is the national Research Collaboration Grant (99-1-01-03-A-043)
binding site for theSaccharomyces cerevisiaigus’ shown  from the Ministry of Science and Technology of the Repub-
in Scheme 1 and forms a hairpin-stem-loop-stem structurdic of Korea.

A detailed study of this RNA will be presented elsewhere.

The base-H1' crosspeak region from a standard NOESY References

experiment is shown in Figure 2A. Figure 2B shows the

same region from a pyrimidine-filtered NOESY experiment. 1. Gesteland, R. E.; Atkins, J.The RNA WorldCold Spring
Crosspeaks in this region do not show NOEs involving H6  Harbor Laboratory Press: Plainview, New York, 1993.
resonances. Some of H8-H1' crosspeaks that cannot be seéh Varani, G.; Tinoco, JR. Quart. Rev. Biophysl991, 24,

in a standard NOESY spectrum due to spectral overlap with  479-532.

intense H5-H6 crosspeaks can be observed in a pyrimidine-3. Cheong, H. K.; Cheong, C.; Choi, BNiicleic Acids Res.
filtered NOESY spectrum (Figure 2B). 1996 24, 4197-4201. )

In this study, we have presented pyrimidine-filtered pulse 4- €heong, H. K.; Cheong, C.; Lee, Y. S.; Seong, B. L.; Choi,

sequences that can be used to identify the sequential bases- BS'kISe'rlm\laurCSI-CFi?lds Red.999 27, 1392-1397. i
. . . : . , V.; Feigon, J. Am. Chem. Sot99Q 112 5644
ribose NOE crosspeaks in RNA. This technique can separate 5645

the crosspgaks where overlap of purine and pynm@me 0CCUISg K ojima, C.; Kyogoku, YJ. Mag. Reson., Ser. 93 102,
The experiments also can be used to selectively filter HS re-  214.217.

sonances if H1'/H5 overlap occurs. Presently, there are vari-7, Shen, Y.; Bruenn, J. Arology 1993 19, 481-491.

ous NMR pulse sequenéeshich can provide assignment 8. Varani, G.; Aboul-ela, F.; Allain, F. H. Prog. NMR
tools for *C/*°N-labeled RNAs. However, the experiments Spectrosc1996 29, 51-127.



