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Creation of efficient catalysts with high specificities is one of Figure 1. TS for cholesterol esterd) hydrolysis and structures of the
the most challenging goals for chemists. Various attempts have TSA analoguez and other substrates.
been made to induce catalytic sites in natural and synthetic o o )
polymers by the use of transition-state analogues (T!SA). Nogenicity can be solved by use of in vitro selection of RNA, a
Antibodies have been raised against TSA and used as catalystProcess that takes a relatively short period of time. As part of
for chemical transformations. The rates of these antibody- Our continuing interests in the design of TSA-induced catalysts,
catalyzed transformations are enhanced over background reacwe for the first time have succeeded in generating RNA with a
tions2 On the basis of the discovery of catalytic antibodies, defined cholesterol esterase activity.
attempts have been made to extend the concepts involved in the The design and synthesis of the T2Awvere carried out by
antibody catalysis to the development of other biopolymeric the use of known proceduréslmmobilization of2 on agarose
catalyst$ RNA molecules are also potential catalytic biopolymers was done under mildly basic conditiolfsA 110-mer DNA library
because of their unique conformations, molecular diversity, and was designed to contain random nucleotides in 70 positions
relative ease of generation. However, most of the catalysts in thisflanked by defined sequences at both ends for the purpose of PCR
family, which have been successfully generated sthfave been amplification and in vitro transcriptioff. The in vitro selection
developed by using direct selection of self-modified RNAhile of RNA was made by the use of modification protoctls.
numerous attempts to select RNA catalysts via TS stabilization Enrichment of the RNA was confirmed by means of affinity
have been made, only a few successful results were reported forchromatography and elution procedures WiPlabeled RNA©-15
hydrophobic TSA:” owing to the hydrophobic nature of the RNA  After six cycles of selection, enrichment was achieved as judged
pocket® These observations suggest that the hydrophobic interac-by the fact that 30% of the applied RNA was specifically eluted
tions may be more precise and specific than hydrophilic interac- by 2. The selected RNA was then cloned and sequenced by
tions? standard protocol¥. Since the affinity elution was performed

We reason that the TSA of cholesterol esterase should beunder less stringent conditions due to the poor solubilit® of
sufficiently hydrophobic to select specific RNA binders. An the agueous phase, no identical sequence was found among 11

attempt has already been made to generate catalytic antibodiesloned RNA molecules.

against a similar hapten as a phosphate e&ter TSA in the
cholesterol esterase hydrolysis of the carbonate ds(Eigure
1).1° However, this failed, possibly as a result of poor immuno-
genicity The intrinsic difficulties associated with poor immu-

* To whom correspondence should be addressed. Telephb82:2-958-
5157. Fax: +82-2-958-5189. E-mail: jhoonyu@kist.re.kr.

" The Korea Institute of Science and Technology.

* Dankook University.

§ Korea University.

(1) Pauling, L. 1948Chem. Eng. New$946 24, 1375.

(2) Schultz, P. G.; Lerner, R. ASciencel995 269, 1835. (b) Schultz, P.
G.; Lerner, R. AAcc. Chem. Re4993 26, 391. (c) Jacobsen, W. H.; Scanlan,
T. S.Annu. Re. Biophys. Biomol. Structl997, 26, 461.

(3) Breslow, R.Acc. Chem. Red995 28, 146. (b) Kirby, A. J.Angew.
Chem., Int. Ed. Engl1996 35, 707. (c) Wulff, G.Angew. Chem., Int. Ed.
Engl. 1995 34, 1812.

(4) Lorsch, J. R.; Szostak, J. WAcc. Chem. Resl996 29, 103. (b)
Tarasow, T. M.; Tarasow, S. L.; Eaton, B.[Eature1997 389, 54. (c) Zhang,
B.; Cech, T. RNature1997 390, 96. (d) Unrau, P. J.; Bartel, D. Rature
395, 260.

(5) Joyce, G. F.; Orgel, L. EThe RNA World Cold Spring Harbor
Laboratory Press: Cold Spring Harbor, 1989; p 1. (b) Joyce, Nefure
1989 338 217. (c) Ellington, A. D.; Szostak, J. VlWature 1990 346 818.
(d) Tuerk, C.; Gold, L.Sciencel99Q 249, 505. (e) Breaker, R. RChem.
Rev. 1997, 97, 371.

(6) Prudent, J. R.; Uno, T.; Schultz, P. Gciencel994 264, 1924.

(7) Morris, K. N.; Tarasaw, T. M.; Julin, C. M.; Simon, S. L.; Hilvert, D.
Proc. Natl. Acad. Sci. U.S.A994 91, 13028. (b) Conn, M. M.; Prudent, J.
R.; Schultz, P. GJ. Am. Chem. S0od 996 118 7012.

(8) Wilson, W. D.; Ratmeyer, L.; Zhao, M., Strekowski, L.; Boykin, D.
Biochemistry1993 32, 4098.

(9) Lohman, T. M.CRC Crit. Re. Biochem 1986 19, 191.

10.1021/ja991848u CCC: $18.00

To measure the binding affinity d to the cloned RNA, a

surface plasmon resonance (SPR) technique was utilized. In the

first process, the affinities between RNAs ahwvere measured
by changing the concentration of RNA in solution with im-
mobilized?2 in a flowcell}” One cloné® showed the best binding
(Kp = 4.0 x 1078 M) as compared the original pod{f = 1.0 x
10°° M). The Kp values of other cloned RNAs were simildty
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=1.1x 1077 M) to those of the selected pool. Despite differences
in the sequences of the cloned RNAs, the binding affinities were
similar, suggesting that the binding might be mediated only by
nonspecific stacking of RNA bases. To rule out this possibility,
binding affinities to the cloned RNA by a variety of hydrophobic
molecules were determined using the RNA clone as an im-
mobilized ligand® in a SPR techniques. Compourfl and
hydrophobic analogues, such as ergosterol, vitamgig&stradiol,
and p-aminophenyl phosphate in solution were injected to the
RNA-immobilized flowcells. The sami&p value was observed /
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S

for binding of 2 to the RNA by use of this process. However,
cholesterol and other hydrophobic molecules, as wellpas — © -
aminophenyl phosphate, did not show binding affinity to this RNA -03 0.00 03
clone. These data suggest that the hydrophobic binding site in _. ) y
this RNA has quite specific complementarity 2oand that the Flgu_re 2. Llpev_veaveFBurk plot for cholesterol esterase activity by the
structure which combines both hydrophobic cholesterol and the max'mum'b'n_dmg RNA clone. )
relatively hydrophilic p-aminophenyl phosphate moieties are Maximum-binding RNA and TSR yielded a protected fragment
necessary for the binding of the RNA. of approxmately 30 ngcleotldes in 10% acryl amlde_gel, whereas
The RNA that was selected for the TSZ\had a 250-fold the RNA without or with nonspecific compounds did not show
greater affinity of binding than original RNA. Thus, we anticipated 2Ny protected bantt. Both studies of substrate specificity and
that this RNA would significantly reduce the activation energy Nucléase protection resulted in the conclusion that hydrolysis of
for the hydrolysis of carbonate esterAll cloned RNA molecules 1 Py the maximum-binding RNA is only derived from the specific
were incubated with a 0.1 mM solution of the substrate a hydrophobic pocket for TSA. . .
saline buffer at 37C and pH 7.%° The p-nitrophenyl substrate Although the rate enhancement is not as high as usual for
was used in this process to elicit prompt and precise observationcatalytic antibodies, it appears to be a reasonable value on the
of catalytic activity. Two clones including the one displaying Pinding energy of 12 kJ/mol measured by the affinity selection
maximum binding t® showed catalytic activity. The reaction of (Ko values of clone 8 versus original RNA). If all of this binding
1 catalyzed by the maximum-binding RNA showed saturation €N€rgy were fully converted to TS stabilization, the predicted rate
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kinetics. Enzymatic constants were determined tdkde= 1.3 acceleration Kea/kunca) Would be 250 at 37C.2* The observed

x 103h andKy, = 29 uM at pH 7.5 by use of a Lineweaver rate enhancement was about half as much as this value. This
Burk plot (Figure 2@! The background hydrolysis rate was Suggests thata very significant fraction of binding energy of RNA
measured under the same conditiokgeh = 1.2 x 10°%/h)22 to the TSA is reflected in the catalytic activity.

The rate enhancememi.{/kunca) Was 110. The catalytic activity Our results demonstrate the first successful selection by TSA

was thoroughly inhibited by the TSA, indicating that the binding Scréening of an RNA that catalyzes a reaction that requires a
pocket for2 also is the catalytic site for hydrolysis. No rate nucleophilic or generql bas.e-actlvat.ed nucleophilic subst|tlu.t|0n
enhancement was observed from the hydrolysis of a similar &t the carbonyl functionality. Detailed molecular recognition
carbonate esteB! or of a small carbonate est@?® by the studies are in progress to eIumdate_ the mechanlsm of this cata_lytlc
maximum-binding RNA22Nuclease protection study with the ~ Process. In addition to th catalytic activity of ester hydrply5|s,
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