
to an enriched RNA pool. The process is iteratively re-
peated until aptamers of high affinity are obtained. Ap-
tamers have a large potential for analytical purposes, as
diagnostics and as drugs due to their capability of inter-
fering with potential targets, such as nucleic acids or pro-
teins, even within the cell (Osborne et al., 1997; Famulok,
1999).

Intermolecular interactions such as electrostatic
forces and hydrogen bonds and, in addition, π-stacking
interactions, have been shown to contribute to the stabil-
ity of the complexes between aptamers and their targets
(Hermann and Patel, 2000).

Here we describe RNA aptamers that recognize the
unpolar region of a compound that, in addition, offers the
opportunity of a multitude of polar interactions. The work
started with the intention to select aptamers specific for
epitopes of the antibiotic moenomycin A (Figure 1, com-
pound 1; El-Abadla et al., 1999; Goldman and Gange,
2000). Moenomycin A is one of the rare compounds
known to interfere with the transglycosylation step in
peptidoglycan biosynthesis (Kosmol et al., 1997; Ritzeler
et al., 1997; van Heijenoort, 2001) and, thus, is a lead
compound for the development of novel antiinfectives
with a new mode of action (Ritter and Wong, 2001). We
had in mind to employ the aptamers for the identification
of biosynthetic moenomycin intermediates (Schürer
et al., 2001b) and to use these as scaffolds for libraries of
semisynthetic analogs.

2’-Aminopyrimidine RNA aptamers, which are known
to be less prone to enzymatic degradation than naturally
occurring RNAs, were selected by affinity chromatogra-
phy making use of a Sepharose matrix to which the
moenomycin-derived thiol 2 was coupled via a disulfide
bridge (Schürer et al., 2001b). All isolated aptamers were
shown to be G-rich and to contain either of the two con-
sensus motifs, a [GGAGG(N)nGGAGG] and b (GGUGUG-
GUG). For two of the moenomycin aptamers (C2 with
motif a and A6 with motif b) Kd values of about 400 nM

could be determined (Schürer et al., 2001a). By loading
moenomycin-carrying Sepharose with the aptamer and
performing a competitive elution of the aptamers with
moenomycin analogs it was demonstrated that the dis-
accharide analog 3a (Figure 2; El-Abadla et al., 1999;
Goldman and Gange, 2000) is recognized almost as effi-
ciently as moenomycin A itself. In continuing the epitope
mapping we studied the binding of compounds 4, 5, and
7 to aptamer C2. Neither 5 nor 7 showed significant bind-
ing whereas compound 4, containing the lipid and the
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Moenomycin A is an amphiphilic phosphoglycolipid
antibiotic that interferes with the transglycosylation
step in peptidoglycan biosynthesis. The antibiotic
consists of a branched pentasaccharide moiety, con-
nected to the moenocinol lipid via a glycerophos-
phate linker. We have previously described the selec-
tion of aptamers that require the lipid group and the
disaccharide epitopes of the oligosaccharide moiety
for moenomycin binding. Here we report that the en-
riched moenomycin-binding library contains se-
quences that evolved for specific recognition of the
unpolar lipid group of the antibiotic. These results
suggest that the evolution of hydrophobic binding
pockets in RNA molecules may be much more com-
mon than previously assumed.
Key words: Antibiotics /Aptamers /Moenomycin A /
RNA /SELEX.

One particular method of directed molecular evolution
enables the selection of nucleic acids (called aptamers)
that bind specifically to target compounds with high affin-
ity. For RNA aptamers the selection process starts with a
mixture of about 1014 different RNA oligonucleotides and
consists of (i) affinity-selection and (ii) amplification of the
selected members of the library by cDNA synthesis, poly-
merase chain reaction, and in vitro transcription leading
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Fig. 1 Structures of Moenomycin A (1) and the Thiol Derivative 2.

Fig. 2 Structures of Compounds Tested in Competition Assays with Moenomycin Aptamers. 

phosphoglycerate part of moenomycin, showed a re-
markable binding to the aptamer (Figure 3A). A further im-
portant observation was that compound 3b, which differs
from the strong binder 3a only by the lack of the five dou-
ble bonds in the lipid part, is recognized to a much lower
degree by the aptamer (Figure 3B). Irrespective of the role
of the polar units in 3a and 4 it is quite obvious that the
unsaturated lipid part plays a crucial role in the binding of
moenomycin A and analogs such as 3a and 4. Similar re-
sults were found for aptamer A6 (data not shown).

The fact that the aptamers preferentially bind to an un-
saturated lipid chain is remarkable as one intuitively
would assume that binding of aptamers, a class of intrin-
sically polar molecules, would occur on highly polar parts
of the bound ligand. Comparing the aptamers described
here with those that have been shown to bind to the far-
nesyl moiety of the farnesylated Ras peptide (Gilbert
et al., 1997) reveals the remarkable fact that in both cas-
es very similar consensus sequences were selected
(Table 1). The farnesyl-Ras aptamers contain a part of



motif a: GGAGG, and a GU-rich motif which differs only
slightly from the GU-rich motif b of the moenomycin ap-
tamers.

The structural similarity of these aptamers is remark-
able in view of the differences between the two classes of

lipid-binding aptamers: the farnesylated Ras aptamers
consist of unmodified RNA whereas the moenomycin ap-
tamers contain 2’-amino modified pyrimidines. Further-
more, the two classes of aptamers were selected from
completely different pools. The fact that yet similar se-
quences were selected may imply that there exist se-
quence-based structure motifs enabling the recognition
of such hydrophobic epitopes. To investigate whether
there are cross-reactions of the moenomycin aptamers
with the farnesyl moiety of the farnesylated Ras peptide,
farnesyl diphosphate (compound 6; Zahn et al., 2000)
was used as binding competitor as described above. In
this experiment farnesyl diphosphate (6) turned out to be
a much weaker binding competitor than compound 4
(Figure 3A). These results were corroborated by another
experiment, in which the binding affinity of a farnesyl-Ras
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Fig. 3 Results of in vitro Competition Experiments.
The assay was performed by loading moenomycin-Sepharose with [32P]-labeled aptamers as previously described (Schürer et al.,
2001b). After washing with buffer to remove unbound RNA, aptamers were affinity eluted by different moenomycin analogs. The com-
petitor-mediated elution of aptamers was detected by Čerenkov-counting. (A) The diagram shows the amount of RNA which was rec-
ognized by moenomycin or its analogs (1, 3a, 7, 5, 4, 6) and could be eluted from the moenomycin-matrix. The amount of RNA to ob-
tain 100% corresponds to that amount of RNA which could not be displaced from the matrix and remained bound to the
moenomycin-column after competitive elution. (B) Elution profiles for compounds 3a (unsaturated lipid chain) and 3b (saturated lipid
chain). ‘W’ corresponds to the radioactivity in the last washing fraction to remove unbound RNA. Fractions E1 to E5 each represent the
amount of RNA that could be eluted from the affinity column, whereas the last fraction C corresponds to that part of RNA that remained
bound to the column; ‘B’ denotes the buffer control in both panels.

Table 1 Comparison of Lipid-Binding Aptamers.

Moenomycin aptamers(a) Farnesyl-Ras aptamers(b)

Consensus motif Kd [nM] Consensus motif Kd [nM]

C2: GGAGG 350 GGGAGG 139
A6: GUGGUGUGGUG 320 GGGUGG 930

a Arnold and Blanch (1986).
b Gilbert et al. (1997).

Table 2 Sequences of Tested Aptamers.

Moenomycin-binding aptamers
Primer binding sites
5’-CUAUAGGGAGAGACAAGCUUGGGUC-40N-AGAAGAGAAAGAGAAGUUAAUUAAGGAUCCUCAC-3’

Aptamer C2 (motif a)
5’-UCGACCUCGCGCGAGGAGGGUGGAGGGUCGUAGAGCGCGUA-3’

Aptamer A6 (motif b)
5’-UCAUCGGAGGAGCGGUGUGGUGAGGUGACGCGGAAAAGGU-3’

Farnesylated Ras peptide-binding aptamer
Primer binding sites
5’-GGGAGAAUUCCGACCAGAAGCCU-N-CAUAUGUGCGUCUACAUGGAUCCUCA -3’

Aptamer G4 
5’GCUCAGGGGUGGGUCGUAUAAUUAGCGUAGGGAGGUAGUGGAUGAGUAAGCCUGGGAUGU-3’



aptamer (Table 2) to immobilized moenomycin was stud-
ied. In this case, too, no significant binding was ob-
served. These findings lead to the conclusion that de-
spite the similar sequence motifs of both aptamer
classes the selected aptamers are highly specific for their
respective cognate ligands. 

How do ribonucleic acids interact with such hydropho-
bic targets? It has previously been predicted (based on in-
teractions between aptamers and the aliphatic amino
acids valine and isoleucine) that conservation of G/U mo-
tifs in RNA may indicate a hydrophobic binding site (Yarus,
1998). Another example of an interplay of G-rich motifs
and hydrophobic targets was shown by the in vitro selec-
tion of RNA sequences that bind and disrupt phospholipid
bilayers (Khvorova et al., 1999; Vlassov et al., 2001). Since
the moenomycin aptamers preferentially recognize com-
pounds with the unsaturated side chain of the moeno-
mycin analogs (cf 3a versus 3b) it is conceivable that
π-stacking interactions with the nucleobases play an im-
portant role in stabilizing these complexes (see Puglisi and
Williamson, 1998). GGAGG sequences may also adopt a
unique structure involving A(GGGG)A hexad formation
and the lipid moiety could be sandwiched between two
hexad platforms (Kettani et al., 2000). The surprising se-
lectivity of the moenomycin and the farnesyl-Ras ap-
tamers for their respective ligands may be the result of the
different polar groups, but could also originate from the
different configuration around the double bond between
C-2 and C-3 of the isoprenoid moieties.
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