Mg?*-dependent conformational change of RNA
studied by fluorescence correlation and FRET
on immobilized single molecules

Harold D. Kim*, G. Ulrich Nienhaus™, Taekjip Ha*®, Jeffrey W. O™, James R. Williamson, and Steven Chu*!

*Department of Applied Physics and Physics,
Germary; *Department of Physics, Universi
Chemical Biology, The Scripps Research institute, La Jolla, CA 92037

Contributed by Steven Chu, February 9, 2002

Fluorescence correlation spectroscopy (FCS) of fluorescence reso-
nant energy transfer (FRET) on immobilized individuzl fluoro-
phores was used to study the Mgi+-facilitated conformational
change of an ANA three-hell Junction, a structural element that
Inttiates the folding of the 305 ribosomal subunit. Transitions of
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showed that various Larlum such as Mg?t, Ca?t Cot, and
spermidine alone also the =ame folded conformation of the
junction (B, 9). Crystallographic studics located 8 Mg ions
around the junction region that may be involved in stabilizing the
folded form (10
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including tRNA (2), hammerhead ribozyme (3), the P4-Ph
domain of the Tetralymena thermmophils group I intron (4), and
2 55 ribosomal RNA domain (5). Metal ionscan also stabilize the
RNA structure nonspecifically by screening the negatively
charged backbone (6). Furthermore, the role of counterions is
critical 0 understanding pmtn:ln-nuc!r:i: acid interactions (7).
In the case of RNA-protein interactions, the situation can be
even more complex when jon- u:pcndn.nl _\Jnl'c\rm:llmnas.
changes accompany protein binding. An in
the 'hm: -helix junction located in the centr;
ribozomal RMA that is the binding site for
Biochemical analysis of the binding of 515
thermophilis has shown that a large con
occurs in the junction region (8, 9). Two diff:
solved the crystal structure of the ribo-nu
including the junction region and 513 pro
structure of the entire 305 subunit has bes
In the open (unfolded) form of the juncti
20, 21, and 22 are arranged with nearly
between them. The folded form of the junct
presence of ions or upun the binding of 515,
coaxially under helix 22, and helix 20 makc
22_ This unusnal structure is stahilized in pal
cal base-pairing between C754 and G654, §
upper bulge region of helix 22 and the juncy
studics based on gel mobility of this RNA
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across the observation region. Alsa, impurities, dye degradation,
ar incomplete labeling of one of the FRET pairs can be easily
identified with immobilized molecules.

Materials and Methods

Sample Preparation. A Cy3-Cy5 donor-acceptor pair was at-
tached to rwo ends of the three-helix junction (Fig. 1), and a
biotin moiety attached to the third helix was used for immobi-

Fluorescence correlation spectroscopy (FCS) of fluorescence reso-
nant energy transfer (FRET) on immobilized individual fluoro-
phores was used to study the Mg2+-facilitated conformational
change of an RNA three-helix junction, a structural element that
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Ribosomal RNA
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Correlation of 1 ms time bin
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Mg?2* dependence
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Na* dependence
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