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Biochemical methods using structure specific enzymes
and chemicals have been used widely for the analysis of
RN A structure.” Enzymes and chemical which have mainly
been used tor probing RNA structure in solution, are double-
strand-specific RNase V1, single-strand-specific nuclease
S1, RNase T1 which has a specificity for a guanine in single
strand region, and kethoxal (3-ethoxy-1,1-dihydroxy-2-
butanone), which modity the N1 and N2 of guanine in the
single strand. Hydroxyl! radical (-OH) has also been used for
the structural analysis of RNA. Exposed nucleotides are
damaged by hydroxyl radical while nucleotides involved in
tertiary contacts are protected from damage, making it a
tavorable approach for establishing exterior/interior relations
tor RNA.%'? Radicals are generated from Fe(II)-EDTA with
hydrogen peroxide (H:0:}. Ascorbate (or DTT} is added to
reduce Fe(Ill) to Fe(II}. Hydrogen abstraction from the
ribose 4' carbon leads to strand scission. In-line probing is
also an RNA-structure probing method recently developed
by Breaker group.'*'® This method is used to examine
secondary structure of RNAs and whether RNAs undergo
structural rearrangements under different incubation condi-
tions. In-line probing takes advantage of the fact that the
spontaneous cleavage of RNA is dependent on the local
structure at each intemucleotide linkage. RNA degrades
through a nucleophilic attack by the 2' oxygen on the ad-
jacent phosphorus. Cleavage occurs efficiently when the
attacking 2' oxygen, the phosphorus and the departing 5'
oxygen of the phosphodiester linkage are in a linear configu-
ration. Linkages in double strand region of a folded RNA
show resistance to cleavage because it is difficult for the
atoms to be held in an in-line contiguration. However, it
tolding does not restrict its structure, linkages occasionally
take on in-line geometry through random motion and
therefore are subject to a spontaneous cleavage.

RNA aptamers which are capable of interacting with the
stem-loop sequence at the gag-pol junction of HIV-1 RNA,
were selected from a random-sequence RNA library (Shin e¢
al., unpublished results). RNA aptamer 12-1-3 is one of the

GGCCUUCCUACAAGGGAAAGCUUGAUG

Figure 1. Sequence of the randomized region in RNA aptamer 12-
1-5.

selected RNA aptamers (Fig. 1}. Prior to getting the infor-
mation for the interaction between an RNA aptamer and a
hairpin RNA, the determination of the structure of RNA
aptamer is important. So in this work, the secondary struc-
ture of the RNA aptamer 12-1-5 was found by the MFOLD
program accessed on the internet (www bioinfo.rpi.edi/ap-
plications/mfold/old/rna) and also supported by RNA struce-
tural probes such as RNase T1, RNase V1 and nuclease S1.

The structure of RNA aptamer 12-1-5 was probed in
binding bufter with RNase T1, RNase V1, and nuclease S1
(Fig. 2). G14, G15, G16, G20, G27, G28 G29, G34 and G38
were cleaved by RNase T1, especially strong cleavages at
(G24, so these guanines are thought to be in single-strand
region of the secondary structure mode! of RNA aptamer 12-
1-5.

Al2, A17,C32, C33 and C35 were cleaved by RNase V1,
especially strong cleavages at regions U6CCS8 and U22U23
so these regions are thought to be located in double strand.
But the region C32C33 which was thought to be in single
strand, was susceptible to RNase V1, suggesting that this
region was stacked from intramolecular interaction and be-
came accessible to RNase V1 in solution.

Residues C11 and G14 were cleaved by nuclease S1,
especially strong cleavages at U9, so these regions are thought
to be in single-strand region of the secondary structure model
of RNA aptamer 12-1-5. The residue C11 was susceptible to
nuclease S1 and residue G24 was attacked by RNase T1, and
so C11:G24 base pair is thought to be unstable because of
the adjacent presence of a bulge A25. This unstability of
C11:G24 base pair was also detected in C11:G25 base pair
of RNA aptamer 13-1-3.° Residue A10 marked with a star,
was protected from nuclease S1 digestion by the hairpin
RNA, a ligand used tor selection of this RNA aptamer 12-1-
5. Footprinting studies are in progress to evaluate which
sequence of RNA aptamer 12-1-5 is important for the inter-
action between the RNA aptamer and the hairpin RNA
ligand, and will be discussed later.

In conclusion, the structure of RNA aptamer 12-1-5 was
analyzed in solution with probes such as RNase T1, RNase
V1, and nuclease S1 and its possible secondary structure was
represented (Fig. 3} The result suggested that 1) this mole-
cule has three single strand regions and two double strand
regions, a long double strand region of which has a bulge


mailto:brcho@cju.ac.kr
http://www.bioinfo.rpi.edu/ap-plications/mfold/old/rna

Notes
(A) C T OH R R+S (B)

i
&3

U23—>
U22—>|

AMT—|
A1

C8—>
C7—
Ue—]

C T OH R R+S

Buil. Korean Chem. Soc. 2008, Vol. 29, No. 10 2027

(C) C T OH R R+S-

G14—>

Ci— 4
| < A10(0)

Ug—

Figure 2. Enzymatic probing of RNA aptamer 12-1-5 labeled at the 5-end. The RNA was partially digested with RINase T1 (A), RNase V1
(B) and nuclease S1 (C). The cleaved nucleotides are indicated by arrows. Residue A 10 protected from nuclease S1 digestion by the hairpin
RNA was marked with a star. Lane C. control; lane T. the denatured RNA treated with RNase T1: lane OH, partial alkaline ladder: lanes R
and R+S-1. enzvmatic cleavages in the absence of and the presence of stem-loop RNA. respectively.
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Figure 3. Schematic representation of possible secondary structure
of RNA aptamer 12-1-3. Triangles indicate the sites cleaved by
RNase V1. squares indicate the sites cleaved by RNase T1 and
circles indicate the sites cleaved by nuclease S1.

A25, and 2) C11:G24 base pair is unstable because of the
adjacent presence of a bulge A25.

Experimental Section

Preparation of RNA. RNA aptamer 12-1-5 was synthe-
sized by run-off i vitro transcription with T7 RNA polymer-

ase from the DNA template to which the T7 promoter was
annealed and purified by gel elution of the crush and soak
method.'® The resulting RNA was treated with CIP (calf
intestinal alkaline phosphatase} to remove 5' terminal phos-
phate and then labeled at the 5' end using [»-"P]ATP and T4
polynucleotide kinase.

Enzymatic cleavage reaction. 5'-terminal radiolabeled
RNA aptamer 12-1-5 was heated in binding buffer (30 mM
Tris-acetate, pH 7.5, 60 mM magnesium acetate, 120 mM
potassium acetate, and 120 mM ammoniwm acetate) at 37 °C
for 20 min and allowed to cool to RT (~21 °C). Then 0.1-1
unit of nuclease S1 (Boehringer Manheim GmbH, W.-Ger-
many} or 0.001-0.01 unit of RNase V1 (Pierce Molecular
Biology, Perbio} or 0.1-1 unit of RNase T! (Industrial
Research Limited) was added to the above mixture and then
the reaction mixture was incubated for 25 min at RT. The
reaction volume included an additional 1 mM ZnCly for
nuclease S1 cleavage. The cleavage products were recovered
by ethanol precipitation and separated on a 15% poly-
acylamide gel in 90 mM Tris-borate (pH 8.3} and 2.5 mM
EDTA containing 7 M urea.
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