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In situ Monitoring of Poly(L-glutamine)-Bound dsDNA Selection
on a Quartz-Crystal Microbalance
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We applied a highly sensitive quartz-crystal microbalance
as a device of dsDNA in vitro selection. When poly(L-
glutamine)-immobilized QCM was employed, both the selection
and evaluation processes could be monitored in situ as mass
changes, and the dsDNAs having the continuous sequences of 3-
5 AT base-pairs were selected after the 4® cycle from a random
dsDNA pool.

Recently, systematic evolution of ligands by exponential
enrichment (SELEX) or in vitro selection was devised for the
identification of high-affinity oligonucleotide ligands to target
molecules such as DNA binding proteins."” It consists of
selection of target-binding sequences from a pool of random
sequence-DNAs, amplification of selected sequences by PCR
methods and repetitions of this process to enrich for target-
bound sequences.® These selections have been carried out on a
filter paper or a gel column on which target molecules are
immobilized with radio-isotope or fluorescent labeled random
DNAs or RNAs. In these conventional methods, it is not easy
in situ to monitor the selection process and to evaluate the
binding behavior of the selected DNA to the target molecule.

We newly apply a highly sensitive 27 MHz QCM to in
vitro selection of dsDNAs that binds selectively to poly(L-
glutamine) immobilized on a QCM plate to investigate
interactions between a helical polypeptide and dsDNA. A 27
MHz QCM is very sensitive mass measuring device in which
the mother frequency of the QCM decreases linearly with
increase of the mass on the electrode in nanogram level (-1 Hz =
0.62 ng/cm?).> The QCM is expected to have many advantages
as an in vitro selection devise. Selection process can be
followed by mass changes due to the binding of random DNAs
on a QCM, as well as evaluation process whether the selected
DNA can bind to a target molecule or not, on the same device
without labeling any radio-isotope or fluorescent molecule.
The reason why poly(L-glutamine) was chosen as a simple target
molecule is that the amide residues of L-glutamine or L-
asparagine are expected to recognize AT base-pairs, because
those residues in DNA-binding proteins are found frequently
from X-ray crystallography to interact with AT base pairs.°

Oligonucleotides (R90) having 5°-ACTATCCGACTG-
GCACCGAT-(N)s,-CTAGGCGTTCCGGTCATTAG-3"  were
prepared by phosphoroamidite method with ARK32 as a DNA
synthesizer and purified by an oligo purific column (Sawady
Technology, Co.). Random sequences of 50 nucleotides (N)s,
were synthesized by a mixture of each phosphoramidate with
molecular ratios of 3:3:2:2 (A:C:G:T), considering differences
of each phosphoramidate reactivity.” Other oligonucleotides of
a PCR primer were prepared as a same manner (Pl: 5°-
ACTATCCGACTGGCACCGAT-3> and P2:  3’-GAT-
CCGCAAGGCCAGTAATC-5%). On Au electrode (diameter:
2.5 mm) of a commercially available 27 MHz QCM (a quartz
diameter: 8 mm, Showa Crystal, Co., Chiba), bis(succiimidyl)-

3,3’-dithiodipropionate was immobilized by using Au-S
interactions. N-terminal of poly(L-glutamine) (average Mw:
6300, average DP: 20-100, Sigma, Co.) was covalently bonded
to the activated carbonyl groups by using a water-soluble
carbodiimide. The immobilization amount of poly(L-glutamine)
was calculated to be 30 ng/cm’ (5 pmol). Poly(L-glutamine
was confirmed from FT-IR spectra to exist as ot-helix structures
in 60% on a QCM. The procedure of in vitro selection of
poly(L-glutamine)-bound dsDNA from random DNAs is shown
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Figure 1. Schematic illustration of in vitro selection
of dsDNA on a poly(L-glutamine)-immobilized QCM ,
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Figure 2. Evaluation of the 4" selected dsSDNAs on a
poly(L-glutamine)-immobilized QCM (10 mM Tris-HC],
pH 7.8, 0.2 M NaCl, 25 °C).
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Table 1. Sequencing of dsDNAs after 4th selection
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in Figure 1.
immersed into a R90 dsDNA pool solution (ca. 1 ug/2 mL, ca.
10 nM, 10 mM Tris-HC], pH 7.8, 0.2 M NaCl) and incubated

The poly(L-glutamine)-immobilized QCM was

for 3 h at room temperature. The picked-up QCM plate was
slightly rinsed with the binding buffer and washed out with 20
ul of distilled water for 3 min (4 times) to recover the poly(L-
glutamine)-bound DNAs. The recovered DNA was amplified
by 20-25 cycles of PCR (polymerase chain reaction, 1
cycle:94°C for 45 s and 72 °C for 2 min) to ca. 10 nM and used
as the DNA for the next round of selections. The selection was
repeated 4 cycles. The binding period was decreased as 3 h, 3
h, 30 min, and 5 min and the rinsing period was increased as 1,
1, 15 and 30 min, for the 1%, 2" 3™, and 4™ selection,
respectively. When the QCM was picked out from the binding
solution, the frequency decrease (mass increase) was observed
clearly with proceeding selections from 1% to 4 cycle. The
frequency changes, however, were not so large to qualify the
binding amount (data not shown).

Figure 2 shows typical frequency changes when the
selected DNA was injected to the poly(L-glutamine)-
immobilized QCM. The first random dsDNA (20 nM of R90)
hardly bound to poly(L-glutamine) on a QCM. On the contrary,
the dsDNA after the 4" selection (20 nM) was observed to
decrease frequencies (increase mass) and the binding amount
was calculated to be 37 ng/cm’ (0.3 pmol). The binding
amounts saturated with increase of the concentration of the 4"
selection DNA in this solution. The binding constant could be
roughly estimated to be 10’ M. The 4" selected DNA hardly
bound to the poly(L-serine)- or polyglycine-immobilized QCM,
as well as the bare gold surface of the QCM or the carboxyl
group-immobilized QCM plate. Thus, the obtained dsDNA is
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expected to have the specific DAN sequences to recognize
glutamine residues.

The 4" selected DNA was cloned by the T/A cloning
method and the nucleotide sequences in random region of 20
clones were determined by a standard dideoxynucleotide
method. The obtained sequences of a random region (50 bp)
are summarized in Table !, in which continuous base pairs are
hi-lightened and the continuous AT base pairs are underlined.
In many sequences, the continuous AT base-pairs were found
frequently as compared with the continuous G-C base-pairs.
The probabilities of the continuous (A-T),;s or (G-C),; base-
pairs were calculated and shown in Table 2. Probability of
random DNA was obtained by sequencing their 10 clones.
Probabilities of (A-T), and (G*C), in random DNA should be
consistent within experimental errors, although they were
slightly scattering. The probabilities of the continuous AT
base pairs of the selected DNAs were apparently higher than
those of the first random DNA (R90), and the probabilities of
the continuous G-C base pairs were almost equal to both the
selected and random DNAs.  Probability of alternative
sequences of A/T was also higher than the alternative G/C
sequences. These results indicate that the continuous A - T base
pairs are selected as a binding site of poly(L-glutamate),
consisting with the results of X-ray crystallography that amide
residues of glutamine in DNA-binding proteins interact with 6-
N and 7-N of adenine moieties of DNAs. The continuous 3-5
base-pairs are reasonable to recognize glutamine residues on
polymer chains, because an o-helix peptide can interact with 3-5
bases when the helix binds to the major groove of DNA duplex.
Double stranded oligonucleotides of d(A-T),, and d(G-C),,
were synthesized separately and evaluated the binding behavior
to the poly(L-glutamine)-immobilized QCM. As expected,
d(A - T),, could bind selectively to poly(L-glutamine), as
compared with d(G- C),, (data not shown).

Table 2. Probabilities of continuous A*T or G+ C base pairs on
DNAs

Continuous number Probability / %

of base pairs 4" selection DNA random DNA
(A-T), 7.5 1.7
(A-T), 42 0.2
(A-T)s 3.0 0
(G-C), 3.0 2.3
(G-O), 0.8 0.9
(G- C); 0.3 0.2

In conclusion, glutamine residues are confirmed to be
important to recognize A - T base-pairs of DNA-binding proteins.
The QCM technique will become a simple and useful tool as in
vitro selection of DNAsS, since both the selection and evaluation
processes can be monitored directly without labeling any
radioisotope or fluorescent probes.

References

1 M. Famulok and J. W. Szostak, Angew. Chem. Int. Ed. Engl., 31, 979
(1992).

2 J.W.Szostak, Trends Biochem. Sci., 17, 89 (1992).

3 S.E. Osbome and A. D. Ellington, Chem. Rev., 97, 349 (1997).

4  W.E. Wright and W. D. Funk, Trends Biochem. Sci., 18, 77 (1993).

5 a) K. Niikura, H. Matsuno, and Y. Okahata, J. 4m. Chem. Soc., 120,

8537 (1998). b) Y. Okahata, K. Niikura, Y. Sugiura, M. Sawada, and T.
Morii, Biochemistry, 377, 5666 (1998).

M. Suzuki, Structure, 2, 317-326 (1994).

C. Wilson and J. W. Szostak, Nature, 374, 777 (1995).



