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Selection of RNA-binding Peptides Containing an Arg-rich Motif
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In order to create RNA-binding peptides, we designed pep-
tides based on the sequence information of the RNA-binding
proteins and selected them using affinity chromatography. The
five peptides out of 42 peptides were efficiently selected. The se-
lected peptides containing Asn and Arg could recognize the
RNA structure with the binding pocket such as the internal loop
or G*U wobble pair.

Recently, the specific interaction between peptides and
RNAs has been revealed. The BIV Tat peptide recognizes a
bulge region of the TAR RNA! and the HIV Rev peptide recog-
nizes an internal loop of the RRE RNA? with high affinities. It
was also reported that the HIV Tat peptide derivative inhibited
the gene expression in vivo.> Therefore, the RNA-binding pep-
tides could be novel gene-regulation drugs. In order to design
and create novel RNA-binding peptides, some of the cases in-
cluding our previous report have adopted the sequence informa-
tion of the RNA-binding proteins.* However, this methodology
might be restricted to the known sequence information, which
might limit further development in this research field. In this let-
ter, we present a method to determine the novel combination of a
peptide and a RNA motif. The method consists of two points.
One is to design the peptide sequence. Tan and Frankel recently
reported that there exist several RNA-binding proteins with sim-
ilar sequences to the residue 34-40 (TRQARRN) Rev protein,
and the Arg-rich motif formed the o-helical structure.® Based
on this report, we assumed that TRX,X,RRX,, where X repre-
sents an unconserved amino acid, could be the key motif of
the RNA-binding peptides. That is, amino acids of X positions
in the conserved sequence might be tightly correlated with the
specificity of the recognition of the RNAs. To choose the amino
acids for the X positions, we evaluated the occurrence frequency
at the X positions in the RNA-binding proteins using the Protein
Identification Resource (PIR). It was found that 198 sequences
had the TRX,X,RRX, in 561 RNA-binding proteins. A, Q,
and R were frequently found at position X,, and G, L, N, and
R at position of X.. However, no amino acid was clearly desig-
nated in position of Xp. Based on these results, a randomized
peptide, TRX,X,RRX,, was finally designed as follows; X,:
R, A,orQ, Xy: R, A, Q, N, I, G, or T, and X.: R or N. R and
N for the X, position were expected to possibly participate in
the hydrogen bonding with the nucleobases of the RNA.%7 Fur-
thermore, an RGG motif®® (KRGGKRGGK) was added at both
the N- and C-terminals in order to enhance the binding affinity
and a tryptophan was added to the N-terminal as a fluorescent
probe (Figure 1).

The second point of this method is related to the selection of
the peptides. We adopted the affinity chromatography using a
mixture of 16S- and 23S-rRNA from E. coli. The RNAs are com-

NH,-WKRGGKRGGK TRX,X,RRX, KRGGKRGGK-CONH,

Figure 1. Randomized peptide sequence. X,: R, A, or Q, Xp: R,
AQ, N, I,G,orT, X.: RorN.

prised of many stem-loops, bulges, internal loops, which are re-
portedly the binding sites of the peptides. The affinity column
was prepared by adding the mixture of rRNAs solution to a Se-
phadex A-25 (DEAE type). Almost all added rRNAs were anch-
ored to the resin. The randomized peptides were then added to
the column (RNA-column). As a control, Sephadex A-25 with-
out rRNA (Control-column) was used. Almost all peptides were
passed through the Control-column. On the other hand, about
20% of the peptides was retained in the RNA-column after wash-
ing with the buffer (10 mM Tris-HCI (pH = 7.5), 100 mM NaCl,
1 mM MgCl,). It was found that the retained peptides were elut-
ed using a buffer containing 0.2-1.0 M NaCl. The molecular
weights of the peptides contained in the elution fraction were an-
alyzed by MALDI-TOF MS. As shown in Figure 2, four major
peaks were observed, while 15 major peaks were observed from
the mixture of the randomized peptides. It was found that the
four peaks corresponded to six peptides as summarized in
Table 1. These results suggest that the RNA-column protocol
was successful in selecting the rRNA-binding peptides from
the randomized peptide pool. However, as the molecular weights
of pep3 and pep4 are the same, it was not possible to assign the
peptide based on the peak (c). Pep5 and pep6 are in the same sit-
uation (peak (d)). In order to evaluate the binding ability of the
peptides to rRNA, the six peptides were individually synthe-
sized, and the filter binding assay was carried out. As shown
in Figure 3, five peptides (pepl-5) are clearly bound to rRNA
with a higher affinity than pep6. These results indicat that
pep6 was not included in the eluted peptides. That is, the se-
quences, QR (pep5) and RQ (pep6) in X, Xy, in the peptides af-
fected the large difference in their binding ability, and Q might
be the key amino acid in the interaction. In fact, the peptides cod-
ed Q in X}, were not selected. Moreover, pep9, which encoded R
at all X positions, was not selected. Both pep7 and pep8 that pos-
sess the same positive charges as pep3, pep4, and pepS were not
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Figure 2. MALDI-TOF MS of 0.4-1.0 M NaCl elution fraction.
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Table 1. Molecular weights of corresponding peptides with
appearing four peaks by MALDI-TOF MS

Peptide *Peak No. Observed m/z ®Sequence Calculated m/z

pepl a 2993.6 TRRGRRR 2993.6
pep2 b 3008.5 TRRNRRN 3008.5
pep3 c 3050.6 TRRNRRR 3050.6
pep4 c 3050.6 TRRRRRN 3050.6
pepS d 3064.8 TRQRRRR 3064.6
pep6 d 3064.8 TRRQRRR 3064.6
pep? - - TRRTRRR 3037.6
pep8 - - TRRIRRR 3049.7
pep9 - - TRRRRRR 3092.7

aPeak No. are indicated at the top of the peaks in Figure 2. "Bold
text indicates the position of X. Pep7, pep8, and pep9 did not
appeared in MALDI-TOF MS analysis.
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Figure 3. Filter binding assay of each peptides with rRNA. 32P-
3’-labeled rRNA: 6 nM, nitrocellulose filter: OPTITRAN BA-S
83 (Schleicher & Schuell), passed through the filter: room temper-
ature, washing: 37 °C 500 uL buffer 2 times.

also selected. It was suggested that the peptides were not merely
isolated by the coulombic interaction. In the five selected pep-
tides, R was frequently found in the position of X,, and R and
N were found in the position of Xj. This result indicats that
the selected peptides might interact with the nucleobases via hy-
drogen bonding.

In order to determine the binding sites of the selected pep-
tides, the primer extension analysis using reverse transcriptase
(RT) was performed. The RT reaction could be terminated by
the RNA-binding molecules, and the resulting truncated cDNA
could designate the binding sites. In order to suppress non-spe-
cific binding of the peptides to rRNA, a large molar excess of
tRNA was used. Figure 4 shows the cDNA patterns in the pres-
ence of the peptides. In the absence of the peptide, some bands
due to the tertiary structure of the rRNA or to the modified bases
of the rRNA appeared. In the presence of pepl-5, additional
bands appeared as indicated by the arrows. Pep6 did not produce
any additional bands. The binding regions on the rRNAs deter-
mined by the length of the truncated cDNA are shown in Figures
4B and 4D. The common features of the binding sites were the
presence of the GU wobble pairs or apical loops. Furthermore,
a G—C pair was juxtaposed with the G*U wobble pairs or with an
apical loop of the binding sites. The RNA-binding molecules are
often required for the binding pocket such as bulges, internal
loops or single loops. Furthermore, RNA containing a GeU wob-
ble pair and a loop could make the binding pocket for the RNA-
binding molecules.®!' The GeU wobble pair of the binding sites
for the selected peptides might provide the binding pocket for
access of the peptides, and the peptides might recognize the
G-C pair.

In conclusion, we succeeded in selecting the rRNA-binding
peptides by affinity chromatography using the rRNA-anchoring
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Figure 4. The primer extension assay and binding sites of the
peptides for 16S-rRNA (A, B) and 23S-rRNA(C, D). ¥P-5'-la-
beled primer: for 16S-rRNA 5-CGGTTACCTTGTTACG-3’
(complementary to the site 1496-1511) for 23S-rRNA 5'-
GGTCTATTATGACCG-3’ (complementary to the site 2876—
2891). RT reaction: [peptide] = 4 uM, [rRNA] = 13 nM, [tRNA]
= 5uM, 20°C, 2h, 100 units ReverTra Ace(TOYOBO), gel:
10% denaturing polyacrylamide gel, Lanel: DNA molecular
weight marker XIII (Roche Diagnostics), Lane2: no peptide,
Lane3-8: pepl, pep2, pep3, pep4, pepS, pepb, respectively. Filled
circles: terminated sites.

column. Several peptides, which could bind to rRNA, were ef-
fectively selected. This result may lead to the design of new
RNA-binding molecules. A detailed study to clarify the effect
of the amino acid residues on the RNA recognition is now under
way.
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