Virtual Laboratory : First Principles Smulation
of the Catalytic Reaction of Ribozyme

Sincetheir discovery inthe early 1980s, catar
Iytic RNA molecules have been at the center of
gresat attention in molecular biology and medical
science. Their figure of merit isthe fact that RNA
enzymes (ribozymes) can be engineered to cleave
other target RNA molecules. Hence, ribozymes
are very promising therapeutic agents ableto in-
hibit gene expression and suitablefor genetherapy
of cancer. Yet, the mechanism of the cleavage re-
action escapes experimental probes.

By using afirst principles moel cular dynam-
ics approach, we have been able to simulate the
cleavage process of the ribozyme. The smulation
shows that a divalent metal cation Mg?* is essen-
tial both in selecting the right reaction path be-
tween two possible competing channels and in
lowering the activation barrier of the reaction
(Fig.).

Another important factor istherole of water,
present in al the experiments either invitro or in
vivo. Water molecules form a continuous hydro-
gen bond network connected to al the hydrophilic
part of the ribozyme. On one hand, this network
stabilizes the structure, on the other hand, it pro-
videsapath a ong which aproton cantravel, jump-
ing from molecule to molecule, and start the reac-
tion.
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On asecond ingtance, we found that the Mg
cation can make the proton abstraction (theinitial
stage of the reaction) easier, but can prevent the
proton transfer from one site of the ribozyme to
another one. In this case, the lost proton is dis-
persed in the solvent inform of hydronium OH,".
Thiskind of detailed simulation was made pos-
sible by the recent advances both in the computa-
tional power of the last generation of parallel
supercomputers and in the software algorithms.
[detailsin M. Boero, K. Terakuraand M. Tateno,
J. Am. Chem. Soc. 124, p. 8949 (2002)]
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Panel (a) shows the schematic reaction of the cleav-
age of the RNA molecule (sequence from [1] to [3])
and the competing reaction path ([4] and [5]). Our com-
puter experiment shows that the initial system (i) is
driven by Mg?* (blue ball) toward a transition state (ii)
and eventually to the cleaved ribozyme (iii).
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