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ABUW 

Abstract Because of spectral overlap, even with 2-D NMR 
methods, l H  and J l P  signal assignments in oligonucleotides 
much longer than tetruers is difficult. However. by 
chemically introducing site-specific avo, 1'0, and S 
labeling in the phosphoryl groups of oligonucleotides, it is 
possible to unambiguously assign the J r P  peaks. Thus, it is 
possible to assign all three phosphate J l P  signals of the 
oligonucleotide tetramer d(ApQpCpT) by site-specific 
introduction of the three different oxygen isotopes into the 
three different phosphate diesters. Using two-dimensional 
JlP/W correlated spectral methods we can also unambiguously 
identify the 'H NYB signals coupled to the assinned JrP 
signals. In the latter, only those protons which are scalar 
coupled to the J l P  nucleus are observed in the 2-D 
hetcronuclear spectrum. 
can identify the other protons of the oligonucleotides. 
This methodology is dependent upon any assumed B-DNA 
structure as is required in other recent 2-D oligonucleotide 
assignment techniques. Assignment of signals in the 
actinomyoin D intercalating d(ApGpCpT1 tetruer complex, 
d(CaCAQMITcac0) , and & operator pseudo-fragment, 
d(lUlr;Ma3CTCACA) , are described. 

Finally by l B / l H  COSY and NOBSY we 

Nuclear magnetic resonance spectroscopy is now able to provide 
detailed 3-dimensional structures of oligonucleotide duplexes and 
nucleic acid complexes. Unfortunately, of the six torsional angler 
that largely define the backbone structure. only the four involving 
the deoxyribose ring have been shown to be directly amenable to 
analysis by NMR techniques. We have proposed that JSP NYB 
spectroscopy is potentially capable of providing information on the 
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moat important remainin8 two torrional angler involving the 
phorphate eater bondr. 
dierter monoanion in a Bauche. gauche (g.8) conformation rhould 
have a l*P chemical rhift 1.5-2.5 p p ~  upfield from an ester in a 
non-g . g conf orma t ion. 

Our rtudierl-3 indicated that a phorphate 

Definition of phosphate diester torsional angles WNJ':  -8.-g (left): -g.t (right). 

Our earlier l*P NYB rtudier on poly- and oligonucleic acidrl-5 
rupported our ruggartion that the bare rtacked. helical rtrocture 
with a gauche. gauche phorphate eater torrional conformation rhould 
be upfield from the random coil oonformation. 

dCQCMMZTC-QaG 
dQCQ-CITMOACQC 

1 2 

3 4 (lac operator proudo fralrent) 

We have recently rhown that a *W-  phorphorylation rcheme 

Uring the rolid-phare phorphoramidite 
promirer to provide an important methodology for *H (and "C Nyp) 
rignal identification5. 
method. we have ryntherired oligodeoxynuoleotider 1 - 4. Wo can 
readily introduce %TO (or/sW-) labelr in the phorphoryl groupr by 
replacing the Ia/HaO in the oxidation atop of the horphito by 
It/Ht*TO (4m)or Ht%*05.7. Similarly. Stoo ot a1.% have repl8ced 
one of the nuoleoride phorphator by a naclooride thiophorphato by 
uring rulfur/2.6-1utidine in the oxidation rtep at the 8ppropriate 
oycle. By rynthrrizing the correrponding rono-*TO phorphoryl 
labeled oligonucleotide (each phorphate ir roparately rubrtituted 
along the chain). we can identify tho l r P  signal of that phorphate 
dierter. The quadropolar 110 nuclear (generally & 40% enriched) 
broadenr the a%P rignal of the directly attaohed %W-labelod 
phorphate and we only obrene the high-rerolution rignal of the 
remaining 6(n non-qoadrupolar broadened phorphate at the %W- 
labeled rit~.~+ 
a different ronorubrtitoted lW-phorphoryl group allmr 
identification of a11 phorphate 1.P rignals. 

In thir way e8ch rptherizod oligonucleotide with 
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OXYQBN AND SULFUR LABEtINa AND 2-D NYB OF OLIQONU~EOTIDES 

Since wo know the nuoleoside t o  which the signal is 
associated by P = t? or P - 1r0/S80 labeling, we are able to 
identify the X H  sign8ls coupled to this phosphorus ator. (H3', 
HS', H5" via aSP/aH heteronuolear COSY, and by I H / I H  COSY, we can 
idrntify H4' .  H2', and El'). Recent advancos in NOE teohniqws, 
particularly 2-D N O E S Y , ~ , ~ ~  have shown that NOE's between the 
sa8ar and stacked base pairs can allow the identifioation of the 
brae SH and most of the sugar 'B signals. These sequential 
resonance assignment rothods via 2D NOESY and COSY, however, 
~enerally requiro knowing the structure in advance (i.e. assumin8 a 
B-DNA doublo helix 8eoretry). We have been able to unambiguously 
rake some of the l H  rignal identifications by a IXP/lH 
hoteronaclear COSY (plus XH/'H COSY, NOBSY) 2-dirensionrl N 4  
techniques without recourse to any assumed initial geamotry. 
This is particularly important if the double helix possesses 
unusual 8eaetry. 
OligO~~UCleOtideS 1 - 4. We have now applied this methodology to 

Patel and coworkers11 have shown that base loop out and 
mismatch in duplexes 2 and 3 provide very interesting spectral 
shifts. Whereas the spectral dispersion is < .6 ppm in normal 
B-DNA double helioes 1 and 4, new silnals are shifted upfield and 
downfield from the "normal" double helical phorphate signals 
with a tot81 spread > 1 ppa in duplexes 2 and 3. 
labeling we have been able to assi8n these perturbed signals to 
phosphates in non-Watson-Crick regions of the duplexes. 

Assignment of most of the SH and all 13 of the 

By 1 7 0  and S 

si8nals of the 
tetradecamer 4 has followed the lrO-labeling, 2-D NYB 
methodology.12 Thus as shown in Figure 1, the NYB spectra of 

FIQUBE 1 P-31 NMR spectra of l4-mer 4 (A) and 0-17 labeled 
14-m at indicated position. 
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various regio-specifically labeled phosphates in the duplex 4 allow 
clear assignment of the JSP signals. Them2D JSP/LH two-dimensional 
chemical shift correlated spectrum of 4 also provides 
identification of the 3'- and 5'- deoxyribose coupled protons to 
the identified JZP signals of the phosphates. 
have been identified through 'H/IH COSY and 'H/'H NOESY. 

The other 'H signals 

By using "0  and thiophosphoryl-labeling of the 
oligonucleotides we can also determine the rite and detailed 
struoture of drug binding to oligonucleotides. 
by J'P NMR studies of Petersheim et a1,6 and our laboratory5, 
actinompin D has specificity for Q-C base pairs and as Patel13 had 
earlier shorn two JrP signals are shifted 1.5-2.6 ppm downfield 
from the other signals in the actinomyoin D complexes of d(CX3CQ) 
and d(AlUCAT). 

Thus as confirmed 
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