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The enzymatic methylation of deoxyribonucleic acid (DNA) is (a)
essential for many biological proces5&sand has therefore been |
studied in considerable detdil® The structure of the ternary A h I‘ Sl | | [ ore
complex of theHhal methyltransferase with its DNA target'[5 |\ I J.I'\a“«';' ]
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(dGATAGCGCTATC)-3], and the methyl-donating cofact&
adenosyl.-methionine (AdoMet) demonstrated that the substrate
cytosine is extruded from its normally base-paired position. . :
Through this conformational change, the carbon at the C5 position o | |‘ o »| 1o 'iL ﬁ /
on the base of the underlined cytosine becomes accessible in the }g /| [ (i¥}
enzyme'’s catalytic pocket. The interactions observed between the J'-Jb~'. [
protein and the extruded base explain the stabilization of this highly
distorted structurebut do not provide a mechanism or pathway to “EOGk-I0K 0 0ok z00k '2"”“"””“'_"’2 100k 200k 200K -GGk 0 0ok 200k
flip the base outside of the double helix. What are the energetically (b)
favorable pathways that allow base extrusion? Are they sequence
dependent? \
Intriguingly, preliminary deuterium solid-state NMR studies B e
identified increased motion and flexibility &yt-Guastep$ and
at methyltransferase binding siteShese studies demonstrated SN . oo
marked quenching in dynamics upon methylafioeven as the - () © 7SS AT
crystal structures displayed only small perturbations from unm- i .
ethylated DNA21° On the basis of these results, we hypothesize T R R c -
that local DNA dynamics promotes methylation by lowering el o

: ; : i Figure 1. (a) Deuterium quadrupolar echo pulse sequence line shapes
E?n(zﬂzuc barriers for the conformational changes requisiteilief (2.6us 90 pulse with 4Qus echo delay; changes in signal-to-noise are due

) . o to different concentrations in each sample); (b) Simulated decay ofithe C
Here, we used solid state and solution NMR conjointly to probe component of the correlation function describing the motions of CD/CH
internal motions at six positions near tHaal enzyme recognition bonds embedded in a rigid-rodlike DNA molecule tumbling at 3.9 ns and
site for the [5-(dGATAGCGCTATC)-3], DNA dodecamet.Solid- _subjectl tgfifnte_rnal(got;onhat éhe ind_icated frequencie_s.I Irf1 th;e ab_sence Iof
; L= ; : . internal diffusion (blue), the decay is monoexponential; for fast internal
state’H line shape (Flgurg 1a) and inversion rec_o‘_’ery (Figure 1e) motions, the decay is strongly multiexponential (red), reflecting the
data were collected for six DNA samples containing deuterons at modulation of the correlation functions by multiple motional mechanisms.
the H2' positions of residues Ade4Ade10. The DNA was hydrated  Slower internal motions become invisible in the correlation functions
to 11—13 waters per nucleotide, to reach conditions where motions (purple). (c-e) Relaxation parameters for C-H2 (c) solution Ty, (d)
in the solid are very close to those observed in soldti#rand to solution Ty, (e) solid-statelz. Experimental procedures are given in the

; . . ) S ting Inf tion.
establish that the line shapes do not differ simply as a result of tpporting fnformation

ldlfferengal hydralgorll. Con3|sthent wnh_ogr Zypoth_ess_that methy- ¢ frequencies faster than the quadrupolar interactictvé kHz),
att)lon S'(tjes wouk blave ac aragterll;tlc gnamm Zlglnatqrec,j'wel whereas H2 nuclei on Cyt6 and Cyt8 experience large amplitude
observed remarkable variations in line shape and longitudinal o (-36°) at similar frequencies. These effects are specific

relaxation times Taz) for residues framing the methylation site for the Cyt-Guatarget DNA sequence as other DNAs revealed no
(Cyt6) (Figure 1a). Cyt6 and the nearby Cyt8 exhibji values significant variation inT;z or line shapes between purine or

(39 and 22 ms, respectively) that are n(_early half the value of_their pyrimidine residues (Meints, G. A.: Hatcher, M. Ph.D. Thesis,
neighbors (Figure 1e). These same residues also have a notlceabIE,niversity of Washington)

modulation of the line shape, suggesting considerable motional We next examined whether thhal target DNA has a sequence-
averaging at the Larmor frequency16.76 MHz). Nearby residues — yon0ndent motional signature in solution as well, by measuring
are not nearly as flexible, as demonstrated by the Pake doublethkeN,\/IR relaxation properties in the liquid state. By preparing a

line shapes and much larg€yz (59—82 ms). By modeling similar
line shapes as described elsewhénae established that the H2
nuclei experience small amplitude librationsl(0®) of the CD bond
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uniformly 13C and®*N-labeled sample (for synthetic reasons, we
used a nonpalindromic dsDNA dodecamer containing the core
methyltransferase recognition sequence, as shown in the Supporting
et of Chemey, Unvereiy of Washmoton Ir_1f0rmation) we Were_able to measure dypamics at many more sites
1Degartmem of Biochem%'try’ Univerysity of Wasﬁingt'on_ simultaneously than is practical with solid-state deuterium NMR.

§ Missouri State University. Relaxation times Ty, T1,) were collected at 125 MHz for carbon
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nuclei on the bases (C&2, and C8), the furanose ring (CC2', structure, with sequence specific local motions on a time scale of
C3, C4), and the phosphodiester backbone "JCB marked ~10 to 100 ns. Measurements of dynamics for several nucleotides
contrast to the solid-state results, solution relaxation times along in the vicinity of the methylation site identify two residues that
the DNA sequence are remarkably similar for all residues, with experience significant mobility in the absence of the methylase.
the exception of the terminal base-pairs where fraying at the end The ability to observe nrsus motions of oligonucleotides and

of the helix leads to increased local mobility (Figure 1c,d). Thus, proteins renders solid-state NMR an important but underexploited
if we had only conducted solution state NMR relaxation studies, avenue to study biological motion. The quantitative analysis of the
we would have concluded that thihal methylation target site has  line shape results is underway to understand the physical nature of
a rigid structure. Yet the solid-state data demonstrate that thethe motions observed in the methyltransferase site and their
cytidine that is methylated bylhal experiences considerably relationship to enzymatic activity.

increased local conformational fluctuations compared to other )
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residues.
Itis very unlikely that the differences between the two techniques RO1-GM58914 and EB003152).
are attributable to different local internal dynamics. DNA local Supporting Information Available: Materials and method and

motions in the solid state become essentially solution-like as the rejaxation data for Cland base resonances. This material is available
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