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- . Figure 1. Adenosine-uracil base pair schematic with the trans-H-bond
9600 Gudelsky Drie, Rockille, Maryland 20850 2hJyn correlation between adenosine N1 and uracil N3 nitrogens shown
Receied January 7, 2000 by a dashed arrow. Théyy COSY correlations used to establish AU
Revised Manuscript Receéd June 13, 2000 base pairing in the dynamic upper stem helix of the CopA29 RNA hairpin

. o are shown by solid arrows.
RNA molecules are renown for their exhibition of conforma-

tional exchange in regions of structure that are important for func-
tion. The crucial role of conformational flexibility in RNA func-
tion has been clearly evidenced in structural studies of catalytic
RNA ribozymes, RNA-RNA, and proteir-RNA interactions. 8

The ability to determine and characterize transient base pairing
in these regions would afford greater insight into the structure, for the first time the measurement of trans-H-bahtis scalar

dynamics, .and uItim_ater,.the function Of. RNA molecules. couplings for WatsonCrick AU base pairs (Figure 1) in a
Recently, direct physical evidence for the existence of hydrogen dynamic region of RNA structure where the H-bond mediating

bonds (H-bonds) across nucleic acid base pairs has been estaling proton resonances are exchange broadened beyond detection
Iisheql by tﬁg measurement of tra.ns-Hh-bonﬂisig?éJw\, and*Juy due topbase pair ‘breathing.’ Throug% the measuremg?iUQINs
couplings®™*3 Trans-H-bond couplingSiyc;,"7 have also been calar couplings across N1- - -H8I3 hydrogen bonds (H-bonds)
used to identify and determine the strengths of H-bonds associate nambiguous evidence for transient Wats@rick AU base pairs ’

Wlt?h amide g:otons in proteins. In nucleic acids, the magnitude | <o established where previously these base pairs had eluded
of 2"Jyny and?"Jyy scalar couplings has been shown to correlate detection using conventional NMR methods

well with H-bond length Xy, couplings and the chemical shift Trans-H-bonc"Jy.ns scalar couplings were measured for the

of the imino protort**® In addition to providing a physica_l RNA hairpin, CopA29, which is derived from the R1 plasmid
measure of H-bond strength, these scalar correlations also iden,-yqed RNA transcript, Cop#,using a dual-detected uracil-

tify H-bond coupled nuclei. As a regult, trans-H-bond couplings H3/adenine-H2 (UH3/AH2)Juw, HNN-COSY (see Supporting
provide both unique nuclear magnetic resonance (NMR) restraints ¢ -von ¢00 details), which is an adapted version of the

for defining nucleic acid structure and novel assignment pathways previously describedyy HNN-COSY? The experiment simul-

forl deJining _base pairingfag(lj\btfrtitarytH-bonged interr;l]ctions.bl taneously correlates both the exchangeable uracil H3 proton to
n dynamic regions o structure where exchangeanl€ |, a1 N3 H-bond donor and adenosine N1 H-bond acceptor

ililnl\i/lng and agnitllno protons are LtmObservaﬁ’le' howeveJ, anvertionflnitrogens, and the non-exchangeable adenosine H2 proton to

methoggr;grarr;%gsi);%erl?:nns?ﬁ-%Soﬁvk\ile si%lgicceonu ylin eg_?sope adenosine N1 H-bond acceptor and uracil N3 H-bond donor
g g NN =% pINgs, nitrogens in AU base pairs that &8y;ys Scalar coupled (Figure

fail since these techniques rely on the direct detection of the 1). CopA29 has a predicted secondary structure (Figure 2A) that

i ZIEnat
exchangeab_le protons. Recently, it has been shown is comprised of a lower and upper helical stem region separated
scalar couplings could be measured across a H-bond between twcby a single bulged G nucleotide and a six-nucleotide loop. In

* Direct correspondence to this author at CARB. Telephone: (J.P.M.) 301- disagreement with the predicted secondary structure, AU base

histidine side chains in myoglobin mediated by an exchange-
broadened proto#f. Similarly, it has been shown that H-bonds

in DNA base pairs mediated by amino protons, which are
exchange broadened due to intermediate rotational exchange about
the exocyclic CN bond, can also be measufddere we report
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Figure 2. (A) Secondary structural scheme for the CopA 29mer RNA hairpin. H-bonded base pairs for which imino protons are observed are connected
by solid lines. Base pairs, that are predicted using RNA structure prediction programs and supported by chemical and enzymatic ptobirdatata,
which no imino proton is observed are indicated by dashed lines. Adenosine bases involved in AU base pairs where both an H3 imino resonance and
2hJy1ns coupling are observed are boxed and those where offl§navs coupling is observed are circled. (B) Selected regions of the UH3/AH2 dual-
detectedlyy HNN-COSY experiment applied to a 0.75 mM sample of a unifortiN-labeled CopA29 hairpin in 90% 40/10% DO, 1 mM cacodylate
[pH = 6.5] and 25 mM NacCl at 25C. Region 1 shows the uracil H3- uracil N3 diagonal peaks and region 2, the uracil H3adenosine N1
cross-peaks observed in the experiment. Region 4 shows the adenosinadhosine N1 diagonal peaks and region 3, the adenosine #2cil N3
cross-peaks that are uniquely observed in the UH3/AH2 dual-detéaiddNN-COSY experiment. Negative cross-peaks, corresponding to correlations
generated by scalaN—15N couplings, are displayed with a maximum of three contours. Diagonal peaks are labeled with assidihiéxtdiagonal
and cross-peaks are connected by solid arrows. In region 3,—HXA3 cross-peaks arising from adenosines involved in AU base pairs
where a uracil H3 proton is observed are boxed and those arising from adenosine involved in AU base pairs where an H3 proton is not observed are circled.

Table 1. 2\Jyy Scalar Coupling Constants (Hz) Measured for the CopA29 Haifpis @5 °C)?

detected proton WA Us-Ags Ue-Azs UioA1e Uio-Aze Ui-A1g
uracil H3 6.15+ 0.5 6.35+ 0.5 6.45+ 0.5 b b b
adenine H2 6.05-1.0 7.25+£ 1.0 6.95+ 1.0 5.90+ 1.0 5.95+ 1.0 57+ 1.0

aErrors are standard deviations estimated from the fitting procefliméno proton resonance was not observed due to line broadéfilivgp
sets of correlations were measured for U10-A16 since two states are observed as a result of conformational heterogeneity of the bulge.

in a region of RNA structure that is involved in intermediate the ryins distance, support such a breathing model for the
conformational exchange. “selective” broadening of resonances involved in base pair
Table 1 lists the?"Jyins coupling constants measured for the H-bonding. Although other base resonances, such as adenosine
CopA29 hairpin. The magnitudes of tR&yins couplings were H2 and N3, would experience the same conformational exchange
measured and fit as described previodshhe 2"Jy1ns couplings due to such base pair dynamics, the effect may not be detected
for the three AU base pairs located in the lower stem of CopA29, because the difference in chemical shift for these resonances in
measured using both adenosine H2 and uracil N3 cross andthe different states is not significant. Similar base pair breathing
diagonal peaks, are in good agreement with each other and withmodels have been invoked previously to explain the observation
previously determine&Jyins couplings observed in RNAThese of regular A-form helical base stacking within bulges and loops
three AU base pairs show the expected H3 imino proton and at the end of helices in RNA where expected imino proton
correlations in one-dimensiondH spectra, as well as i*N resonances were not detectédt?*
HSQC and'H NOESY spectra (data not shown), and so the  In summary, AU base pairs have been defined udidgns
observed magnitude of the trans-H-bond couplings were expectedscalar couplings in a region of RNA structure where exchangeable
The average magnitude of tB&y;ns couplings for the two AU proton resonances were broadened beyond detection. These
base pairs located in the upper stem of CopA29, measured usingneasurements have provided a new restraint for defining base
solely adenosine H2 cross and diagonal peaks, are only slightly pairing in dynamic regions of RNA structure and physical insight
smaller (5.85 Hzt 1.0 Hz) than for AU base pairs where an H3 into base pair dynamics. For the CopA hairpin studied here, the
imino proton was observed (6.5 Hz 0.75 Hz). Imino proton determined dynamics and structure of the upper helix may have
correlations for these AU base pairs were not observed in one-a direct implication for how this antisense RNA binds its
dimensionalH spectra, nor in eithe™N HSQC or!H NOESY complementary target RNA with rapid association kinetfcs.
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average over all states of the system, can be measured. In additionJAOOOOQlO

the observation of relatively sharp adenosine H2 proton and N3
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