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Abstract: A peptidic mimetic of RNA having a guanine-adenine-guanine code as a base
sequence was prepared as a leading compound of Vero-toxin inhibitors. The synthesized
hexapeptide is composed from two y-guanyl-B-hydroxy-a-L-amino acids and one y-
adenyl-B-hydroxy-a-L-amino acid, which were prepared by using L-threonine aldolase-
catalyzed reaction, in addition to three glycines. On designing this peptide, the p-
hydroxyl groups in the novel a-amino acids are compared to the 2'-hydroxyl groups of
RNA, and glycine was chosen as the mimic of the phosphate groups in the RNA
backbone. © 1998 Elsevier Science Ltd. All rights reserved.

Esherichia coli O-157 produces a fatal hemorrhagic colitis causative protein, which is named Vero-toxin.!
Antibiotics which are commonly utilized at the clinical level do not work so effectively once the toxin has passed
through the alimentary membrane and the patients start to have loose bowels. The biochemical mechanism of its
toxicity expression is similar to that of ricin, a lectin from Ricinus communis.2  Both proteins act as N-
glycanase to cleave adenine from the 4323th adenosine unit of human 28s ribosomal ribonucleic acid (mRNA).
Since both the 3'- and 5'-sides of this adenosine are linked to guanosines through a phosphate group, RNA and
its derivatives which have the guanine-adenine-guanine (G-A-G) code as a partial base sequence are expected to
inhibit Vero-toxin.3  However, ubiquitous ribonucleases can easily cleave RNA chains to small fragments of
ribonucleotides, which could no longer have inhibitory activity toward Vero-toxin.

In this article, we would like to report the preparation of a peptidic mimetic of RNA (1) as a promising
leading compound of Vero-toxin inhibitors by using L-threonine aldolase-catalyzed reaction as a key step.
L-Threonine aldolase from Candida humicola (AKU 4586) catalyzes the aldol condensation which affords f-
hydroxy-a-L-amino acids from glycine and aldehydes, as reported previously by one of the authors.*  In our
design of the peptidic RNA, the p-hydroxyl groups in the o-amino acids are compared to the intrinsic 2'-
hydroxyl group in RNA, and glycine was chosen as the mimic of the phosphate groups in the RNA backbone
(Figure 1). The novel peptides including 1, which were designed in this way, could have a long metabolic half-
life time due to the resistance to both natural ribonucleases and proteases.  As expected, the derivatives of
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acetaldehyde which have adenine or guanine at the a-carbon (2, 3)% were good substrates of the enzymatic aldol
condensation, to give y-adenyl-B-hydroxy-a-L-amino acids (4a, 4b) and y-guanyl-B-hydroxy-a-L-amino acids
(5a, 5b).6 The erythro-isomers (4a, 5a) can be respectively used as mimetics of adenosine and guanosine,
since both the B-carbon of 4a (or Sa) and the 2'-carbon in RNA have the same configuration, i.e., the hydroxy!
groups on both carbons orientate to the a-face in Figure 1.  In order to separate the erythro-isomer from the
threo-one, the isomeric mixture of 4a and 4b was derived to benzyl esters (6a, 6b) with benzyl alcohol and p-
toluenesulfonic acid.  Furthermore, each benzyl ester (6a, 6b) was derived to oxazoline (7a, 7b) with methyl
phenylimidate to determine the configuration of the B-carbon by means of NOE technique.” The isomeric
mixture of Sa and Sb was treated in the same way to afford benzyl esters (8a, 8 b) and oxazolines (9a, 9b).
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Figure 1. Structures of Vero-toxin Recognized RNA Sequence (left) and Its Peptidic Mimetic (right)

In order to synthesize our designed peptidic RNA, 6a and 8a were respectively coupled with N-
hydroxylsucciminyl Boc-glycine (9, Boc-Gly-ONSu)® to provide benzyl N-Boc-y-adenyl-L-allo-threonylglycine
(10) and benzyl N-Boc-y-guanyl-L-allo-threonylglycine (11). The benzyl groups of dipeptide 10 and 11 were
removed by hydrogenation on Pd-C to afford 129 and 1310, and the N-Boc group of 11 was deprotected with
IM HCl in ethyl acetate to afford 14.1!  Compounds 12 and 14 were condensed with DCC and HOB in the
presence of N-methylmorpholine (NMM) in DMF!2 to give tetrapeptide 15a. The N-Boc group of 15a was
deprotected with 1M HCl in dioxane to give 15b, which was then condensed with 13 in the same way. The
obtained hexapeptide 16 was deprotected with hydrogenation and following acid treatment to afford the target
molecule 113 (Scheme 2). The synthesized peptide 1 inhibited Vero-toxin in the uM range in the assay based
on poly(U)-directed polyphenylalanine production.!4 Further derivative synthesis is now in progress and the
details of an inhibitory assay of 1 toward Vero-toxin will be reported in the near future.

Our strategy for the preparation of peptidic RNA is also applicable to the synthesis of mimetics of other
biologically functional RNAs.
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