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Abstract

metaAminoazobenzene has been introduced in the side chain of oligonucleotides as a photo-responsive mole-
cule. Compared with thpara-aminoazobenzene which was previously used, the thesimhtransisomerization
was much slower: the half-lives of tleés-isomers ofm andp-aminoazobenzene were 13.2 h and 20 min at 50°C,
respectively. By using the present oligonucleotides, duplex formation and dissociation was efficiently regulated on
photo-irradiation without being disturbed by the thermal isomerization. © 2000 Elsevier Science Ltd. All rights
reserved.
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Up to now, a variety of photo-responsive molecules have been synthesized for the artificial regulation
of chemical and biological systerh$Among many photo-responsive molecules, azobenzene has been
widely used due to (i) its large structural change induced by photo-irradiation and (ii) its easiness of
chemical modificatior.In almost all the cases, the azobenzene residues were introduced thayagh
substituted functional groups (such as -NHCOOH, and -OH). This is mainly because thesea
substituted azobenzenes are commercially available or easy to synthesize. We have also ingroduced
aminoazobenzene in the side chain of oligonucleotides througbettaamino groups and successfully
regulated the DNA duplex formation and dissociation by photo-irradigtidowever, one that is incurred
with the use of azobenzene as a photo-regulator is the thermally indis®ttansisomerization. The
isomerization is rapid especially when functional groups are covalently attachedgarthposition of
azobenzene. In order to achieve strict photo-regulation with azobenzene, the thermal isomerization must
be minimized.

According to the literaturé, rapid thermal isomerization qfara-substituteccis-azobenzene is attri-
buted to the electronic effect of the substituent that weakerg\-\bond. Thus, thermal stability afis-
azobenzene should be much improved when substituents are attachechétapesition of azobenzene.
However, little has been reported on a modified azobenzene withtasubstituent, especially on the
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thermal durability of itxis-form. In the present communicatiamsaminoazobenzene is introduced in the
side chain of the oligonucleotides. This modification provides the incorpocideszobenzene residue
with pronounced thermal stability. By using this oligonucleotide, the formation and dissociation of the
duplex with its complementary counterpart can be sufficiently photo-regulated loistiteansisomeri-
zation of azobenzene. Timeetasubstitution effect on the thermo-insensitivity is clearly demonstrated.

The azobenzene residue was incorporated through the centered carboxyl group of trimethylene
chain to minimize the perturbation of the backbone structure from the natural deoxyfiddse.
phosphoramidite monome carrying maminoazobenzene was synthesized according to Scheme 1.
First, m-nitroaniline was coupled with nitrosobenzene in acetic acid. The obtaineititoazobenzene
was converted ton-aminoazobenzene through the reduction with sodium hydrosulfide in ethanol/water.
Then, 2,2-bis(hydroxymethyl)propionic acid was coupled with the azobenzene in the presence of dicyclo-
hexylcarbodiimide and 1-hydroxybenzotriazole. The obtained diol was converted to the phosphoramidite
monomer according to the previous metifddAll the intermediates and the product were purified by
either recrystallization or silica gel column chromatography, and characterized by NMR spectoscopy.
The modified oligonucleotide, prepared fréhand the conventional monomer, wds/MAAX MAAAA-

3 (abbreviated a8 ;X™MA,; X™ denotes the residue coming from the mono@ewhich was purified by

the reversed-phase HPLC, and characterized by MALDI-TOFMS. Two diastereomers derived from the
chirality of the phosphoramidite monom&rand thetrans—cisisomers with respect to the incorporated
azobenzene residue, were completely resolved by the HPLC.
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Scheme 1. Synthesis of phosphoramidite monorfler(a) nitrosobenzene, acetic acid; (b) NaSH, ethan@/H

(c) 2,2-bis(hydroxymethyl)propionic acid, dicyclohexylcarbodiimide, 1-hydroxybenzotriazole, pyridine, DMF;
(d) 4,4-dimethoxytrityl (DMT) chloride, 4-dimethylaminopyridine, pyridine, @El,; (e) 2-cyanoethyl
N,N,N°,N°-tetraisopropylphosphorodiamiditeiitetrazole, CHCN

The UV-vis spectrum dfransA3X™MA, (fraction (c); retention time 17.1 min) is shown as the dotted
line in Fig. 1@).” On UV-light irradiation (300 nre& <400 nm)® it was promptly isomerized tois-
A3XMA, (the broken line in Fig. H)).? This process is reversible so thas-A;XMA, was again iso-
merized to theérans-form on visible-light irradiation (400 nm ). The thermatis?® transisomerization
hardly took place. The UV—vis spectruma$-AzX™MA, after being kept at 50°C for 1 h virtually super-
imposed on that before the treatment (the solid line in Fig))1(n case op-aminoazobenzene-tethered
oligonucleotides (BAAAX PAAAA-30; A5XPA,),10 photo-isomerizationt(ans! cisandcis ¥ trans) oc-
curred also smoothly (Fig. &bf). However, thermatis ¥ transisomerization promptly occurred when the
cis-isomer was situated at 50°C for 1 h. The UV-vis spectrum after the warming was almost the same
as that of theransA;XPA, (the solid line in Fig. 1)). These results clearly demonstrate the thermal
durability of themetasubstitutectis-azobenzene: half-life afis¥ transisomerization was 13.2 h (790
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min) for themetasubstituted aminoazobenzene, while it was only 20 min foiptra-substituted one.
The rate constants and half-lives@§® transisomerization at various temperatures are listed in Table
1.1 Under physiological conditions (37°C, pH 7.0), the half-life of ti®A3;X™A, was as long as 64 h.
Thus, thermo-stability was greatly improved by thetasubstitutiont?
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Fig. 1. UV-vis spectra oA;XmA, (a) andA3XPA,; (b) in thetransform (dotted line) and theis-form (broken line). The solid
lines show the spectra ofs-A;XMA, andcis-A;XPA, after being kept at 50°C for 1*h

Table 1
The rate constants and half-lives of therroigl? transisomerizatiof!

Temp./°C AsXPA, AsX"A4
k10°min"  7,/min k/10°min?  70/h
50 34 20 0.87 13.2
37 12 56 0.18 64
25 4.5 150 2 -

a) Thermal isomerization was too slow to measure.

The melting temperature of the duplex between the present modified oligonucleotide and its count-
erpart Tg: °-TTTTTTTT-3°) was reversibly altered by theis—transisomerization. The s of trans-
A3sXMA,/Tg andcis-A3XMA,/Tg were 24.3°C and 16.7°C, respectivélyThese values were compar-
able to those of th@-aminoazobenzene-tethered oligonucleotidegs ©f transA;XPA,/Tg and cis-
A3XPA,/Tg were 24.8°C and 15.9°C, respectively. Thus, formation and dissociation of the DNA duplex
could be sufficiently regulated even when the amino group was attachedrt@taposition.

In conclusion, a thermo-insensitive and photo-responsive oligonucleotide was successfully synthesiz-
ed from maminoazobenzene. By using this oligonucleotide, regulation of the duplex formation and
dissociation was achieved only by photo-irradiation.
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7. Before UV irradiation, 75% of;X™mA, existed as th&ans-form.

8. The light from a 150 W Xenon lamp was irradiated for 20 min through an appropriate filter. Infrared light was cut off by
using a water filter.

9. 85% ofcis-form was generated by this treatment as determined by HPLC.

10. This oligonucleotide was synthesized according to Ref. 2. Four isomérsXafA , were completely resolved by the HPLC,
and the relationship between these isomers were identical with thAL¥PA,. In this paper, the fraction (c) df3XPA,
was used.

11. The specimen was as followsAXMA,]([A sXPA,])=50 mol dm 3, [NaCl]=1 mol dm 3, pH 7.0 (10 mmol dm3
phosphate buffer). The rate constants of the thenisd transisomerization were determined by the UV—vis spectroscopy
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13. The absorbance at 260 nm was monitored on a JASCO model V-530 spectrophotometer, equipped with a programmed
temperature-controller. The rate of temperature change was 1.0°C/min. The concentrations of the modified oligonucleotides
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curve.



