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Photochemical switches have found numerous biological ap-
plications, but have received only limited application to the control
of DNA base pairing processésn isolated example is provided
by the recent report of Ordoukhanian and Ta¥lttvat photo-
cleavage of a DNA hairpin released a oligonucleotide which then
hybridized with a section of the single-stranded M13 clone CW1
with greater affinity than the intact hairpin. Among the simplest
of switches is the photoisomerization of a double bond, which is
known to be sensitive to environmental constrafftsBis-
(oligonucleotide) conjugates with linkers containing photoisomer-
izable stilbene and azobenzef&hromophores have been syn-

thesized. However, photoisomerization has not been reported to

be controlled by base pairing or vice versa.
We report here that a hairpin-forming bis(oligonucleotide)

conjugate possessing a stilbenediether linker undergoes reversible

trans < cis photoisomerization when both the cis and trans

conjugates are in the random coil conformation, but undergoes

one-way cis— trans isomerization when both are in hairpin
conformationg. Thus base-pairing inhibits trans cis but not
cis — trans isomerization. Moreover, photoisomerization of the
random coil cis conjugate under conditions where the trans

conjugate forms a stable hairpin results in phototriggered base
pairing. The use of base pairing to effect one-way photoisomer-

ization and of photoisomerization to effect base pairing are without
precedent.
We have recently reported the synthesis of several bis-
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Table 1. Photoisomerization Quantum Yields and Photoequilibria

substrate solvent Dy Dy % trans
SE methanol 0.37 0.36 28
SE4 50% EtOH/HO 0.19 0.10 28
SE4 1 M NacCl <0.001 0.17 >95

a Data for solvents deoxygenated by purging with nitrogen irradiated
with monochromatic 340 nm light. Product formation monitored by
HPLC. Quantum yields determined relative to photoisomerization of
transstilbene at conversions of the initial isome20%.

Table 2. Melting Temperatures of Stilbenediether Linked Hairpins

temperature;C
solvent t-SE4 c-SE4
1.0 M NaCl 61 33
0.1 M NacCl 54 30
H>0 51
10% EtOH/HO 50
30% EtOH/HO 38 26
50% EtOH/HO 22

trans-stilbene, in accord with the larger fluorescence quantum
yield for t-SE.1°
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Bis(oligonucleotide) conjugates with stilbenediether linkers and
complementary oligonucleotide arms form stable hairpin structures
in 0.1 M NaCl solutions with stems consisting of two or more
dT-dA base pair§ Melting temperatures for the conjugdtans-
(dT4)SE(dAy), t-SE4, in several aqueous and aqueous ethanol
solutions are reported in Table 2. The exceptional thermal stabilty
of these mini-hairpins is a consequence of the optimized linker
designg t-SE4is stable upon irradiation in water (with or without
salt) under the same conditions used to conteBE to its
photostationary state. However, irradiation 6SE4 under
denaturing conditions in 50% etharabater results in conversion

R

(oligonucleotide) conjugates possessing a linker derived from the tg a mixture oft-SE4 and a single photoproduct formed in 72%

transstilbenediether diol{-SE.2 t-SE has absorption and fluo-

yield.!* Irradiation under denaturing conditions in water at pH

rescence maxima at 327 and 380 nm, respectively, in methanol> 12 resulted in more complex product mixtures. The product of

solution. Its fluorescent quantum yiedek = 0.32 and decay time

T 0.35 ns are similar to the values reported for'4,4
dimethoxystilbene in methanol soluti8he cis isomerg-SE,

is nonfluorescent. Irradiation of either the trans or cis diol in
nitrogen-purged DMSO solution with monochromatic 344 nm
light results in conversion to a mixture consisting of 28%E
and 72%c-SE (eq 1). Quantum yields for photoisomerization
are reported in Table 1. The value ®f is smaller than that for
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irradiation in ethanetwater was isolated by HPLC and identified
as the cis isomer-SE4, by comparison of its absorption spectrum
with that ofc-SE and by its photoisomerization in etharatater

to yield the same mixture of isomers as obtained frie8E4.
Quantum yields for photoisomerization 65E4 and c-SE4 in
50% ethanotwater solution are reported in Table 1. The values
are somewhat lower than for the didé$SE andc-SE; however,
the photoequilibrium is similar.

Melting temperatures for the conjugateSE4 in several
solvents are reported in Table 2. The values are substantially lower
than those fot-SE4. The crystal structure fdransstilbenediol-
linked hairpins with six base pairs shows that it adopts a normal
B-form structure with the stilbene diol compactly stacked with
the adjacent base pdiMolecular modeling oft-SE4 indicates
that it can adopt a similar energy minimized conformatfion.
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However, the cis linker irc-SE4 is too short to span the 18 A Scheme 1.Phototriggered Hairpin Formation
inter-strand distance between phosphorus atoms in B-form DNA
and thus disrupts the hairpin geometry. The use of longer, more
flexible linkers results in a smaller difference in the melting
temperatures of trans vs cis stilbenediamide-linked haifpins.

Irradiation of c-SE4 in 0.1 or 1.0 M NaCl solution results
essentially in quantitative conversiontt&E4with a moderately
large quantum yield (Table 1). Under these conditions, b&dk4 c-SE4
and t-SE4 are in hairpin conformations. One-way cis trans
isomerization for the stilbenediether linked hairpins might result
from either the conformationally restricted base-paired geometry
or selective quenching of theSE chromophore. Stilbene pho-
toisomerization is proposed to occur via a common twisted
intermediate that can decay to either trans or cis ground “$tate.
The large difference in hairpin loop stability for the trans vs cis
isomers ofSE4 could distort the “funnel” leading to the ground
state, resulting in exclusive formation of the trans ground $tate.
Curiously, irradiation of a stilbenedisulfonate-capped cyclodextrin
results in one-way trans- cis photoisomerizatiof.

One-way cis— trans isomerization could also result from more
efficient quenching of the trans vs cis singlet by an adjacent dT-
dA base pair. Th&ransstilbenediether singlet state in the hairpin
dTe-SE-dAs is efficiently quenchedd®; < 1079) by the neighbor-
ing dT8 Whereas quenching of the nonfluorescent singl&tc-
linker has not been investigated, the very short lifetimeief
stilbene singlets and the presumed absence-stcking in the
loop region ofc-SE4would appear to preclude efficient quenching
by neighboring bases. A difference in quenching rates of the
stilbenedicaboxamide (SA) linker by dA vs dG was proposed to
account for the observation of photoisomerization for the SA-
linked hairpin d&-SA-dAs but not for the hairpin dTTGC-SA-
GCAA 5> Inhibition of stilbene isomerization has also been
observed for excimer-forming duplex stilbene-linked conjugtes.

These results serve to establish that the unique structure of the"€sults in one-way cis~ trans isomerization. A decrease in 260
base-paired DNA hairpins can be used to control photoisomer- Nm absorbance is observed to accompany photoisomerization due
ization. Conversely, photoisomerization can be used to changeto the hypochromism of the base-paire®E4 hairpin. Since
the structure of an oligonucleotide conjugate from single strand photoisomerization is presumably more rapid than base pairing
to hairpin. For example, irradiation @SE4 under conditions (Scheme 1), measurement of the changes in either absorption or
(30% ethanol/water) where it is largely in the random coil single circular dichroism in real time could provide direct information
strand conformation but-SE4 is in the hairpin conformation on the dynamics of base-pair formation.
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