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United States Patent [19] (11] Patent Number: 5,565,322
Heller B 1457 Date of Pal_enl.: Oct. 15, 1996
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[541 HYBRIDIZATION OF POLYNUCLEOTIDES : OTHER PUBLICATIONS
CONJOGATRD YWITH OMOFHO Komberg, Arthur, “"DNA Symhesis”, 1974,

AND FLUOROPHORES TO GENERATE k
DONOR-TO DONOR ENERGY TRANSFER Cardullo et al., Proc. Natl. Acad. Sci. USA, B5:R790-8794

"saEmmEEEE

P ogys {1988).
.....?:?Iﬁ?‘.'........................................... Garner et al., Anal. Chem,, 62:2193-2198 {1990).
[75] Invemor; Michael J. Heller, Encinitas, Calif, :—::;::id;o}n et al.. Proc, Narl Acad. Sci. USA, 92:1874-1878
(73] Assignee: Namogen, Inc., San Diego, Calif, Heller et al., in “Rapid Detection and Infection of Infectious
Diiseases”, Kingsbury ¢t al, eds, Acad Pr, NY, pp. 245-256
{211 Appl. No.: 232,233 (1985).
. Hopficld ct al., Scdence. 24 1:B17-820 (1988),
143] P Dlhod: Reow 6y 1992 Keller et al., in “DNA Probes™, pp. 104108, Stockton Pross,
[86] PCT No.: PCT/USSZOBRET MY, (1989),
i McAlear et al., in “Molecular Electronic Devices I, pp.
5371 Daute . Miay 5, 1994 623633, Carter, ed., Marcel Dekker, Inc., N.Y. (1987).
& 102(c) Date: May 5, 1994 Morrison et al., Anal. Fiochen., 183:231-244 {(1989).
: Robinson et al., Protein Eng., 1:295-300 (1987).
[B7] PCT Pub, No.: WO93/09128 Gilazer et al., Emerging Techrigues: Phycolluor proby
PCT Pub. Dale: May 13, 1993 m; in Biochemical Sciences, vol. 9, No. 10, pp. 4
pus 2
Related U.S. Application Data Primary Examiner—W. Gary Jones J

¢ Aszistant Exarminer—Paul B, Tran
1 Armorney, Agent, or Firm—Lyon & Lyon

Cumml.l.uuun-in-pn.n of Ser. MNo, T8 262, Nov, 7, 199],
ANASTE

" L e |

: Ent. CL® ... COTH 2U00; COTH 21/02; : 157) AfARACT i

: COTH 21/04; C120 1/68 :  The presence invention contemplates chromophore-contain- A

P US. Cl i 43506, 436/56; 436/501; +  ing polynueleolides having at least two donor chromophores 1

¥ 436/800; S14f44; 336/24.3 «  operntively linked to the polynueleotide by linker arms, such ==
: Field of Search ................... A3500; 51404, 436,501, +  that the chromophores are positioned by linkage along the
Fesassannnnnannnnnannnnnssennsss SbEVROL FO PASTZ. TR . ¢ lenplh ol the pulynueleotide at 2 donor-donor transfer dis-

tance, and at least one Muorescing acceplor chromophore |

References Cited operatively linked 1o the polynucleotide by a linker arm,
= . such that the fluorescing acceplor chromophore is positioned
U.S. PATENT DOCUMENTS by linkage at & donor-acceptor transfer distance Irom at least e
4 822,746  A/IPBD Wall . .. 436528 one of the donor chromophores, 1o form a photonic structure -
4,996,143 21991 Heller . TR b L7 for collecting photonic energy and transferring the energy to
FOREIGN PATENT DOCUMENTS an acceptor chromogphare.

0229943  WI987 EBuropoan Pat. OMF . E 10 Claims, 4 Drawing Sheeis
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_SUMMARY OF THE INVENTION

This invention relaics (o the design and synthesis of
modified synthetic nuocleic acid polymersolipomers into
which functional electronic/photonic properiies are dircetly
incorporated. In particular, it concerns incorporating the
property of an extended non-radiative energy transfer pro-
cess into arrangements of synthetic nucleic acids.

It has now been discoversd that multiple chromophore
donor groups which are located beyond the normal F
orster distance (=5 nm) can be arranged to absorb and
transfer photonic encrgy to a terminal acceptor group
thereby acting as a light antenna or photenic conductor. This
property involves the ability of an array of donor groups (o
absorb pholonic at one wavelength (hv,) . aod
directionally transfer it, via a coupled resonance process, 0
an acceptor group, where il is then re-emitted as photonic
energy at a longer wavelength (hv,). The selection nnd
relative positioning of special donor chromophore groups,
which include non-Auorcscent chromophores, with appro-
priate acceptor Auorophores, leads to an efficient extended
cncrgy transfor process with unique propertics. Additionally,
appropriate designs for oliponucleotides and polynucle-
otides have found which allow a primary donor group to be
placed in close proximity with an acceplor group.

Since the relative positions of the functional molecular
components (chromophores) can be programmed, via their
placement upon nucleotide sequences, nucleic acid contain-
ing the chromophores can be designed to self-assemble and
organize into larger and more complex defined structures.
The programmability and functional electronic/photonic
properties of the molecular components enable connections,
amplification mechanisms, and antenna arrays to be made
within the nucleic acid structures. The combination of
propertics ultimately leads to the creation of photonic
devices, photovoliaic devices, biosensors, and homogeneous
and heterogencous DINA diapnostic assay.

“The present invention therefore describes a polynucle-
otide having at least two (multiple) donor chromophores
operatively linked to the polynucleotide by linker arms such
that the chromophores are positioned by the linkage along
the length of the polynucieotide at a donor-donor transfer
distance. Typically the donor chromophores are non-fluo-
rescing chromophores,

The polynucleotide can further contain a fluorescing
acceplor chromophore operatively linked to the polynucle-
otide by a linker srm, wherein the fluorescing acceptor

55

DETAILED DESCRIPTION OF THE
INVENTION

A. Chromophore-Conlaining Polynucleotides

60  This invention rclates to the design and synthesis of

modified synthelic nucleic acid polymersfoligomers into
which functional electronic/photonic propenies are directly
incorporaied. Synthetc nucleic acids having inherent rec-
ognition properties (i.e., complementary hybridization) and

65 are ideal materials for constructing molecular components

which can self-organize into electronic and photonic struc-

lures and devices.

In one embodiment, the invention contemplaes poly-
nucleotide(s) having an acceplor chromophore group and
one or more primary doner chromophores within Forswer
distance (<5 nm), and at least two donor chromophores, or
preferably multiple chromophores located beyond normal F
orster distance (>5 nm). Operatively acceptor and donor
chromophores are linked to the polynucleotide(s) by linker
arms, such that the chromophores are positioned along ihe
length of the polynucleotide at donor-donor transfer distance
(1.4 am (o 6.1 nm) effective for resonant encrgy transfer as
described by the present discoveries.

The polynucleciides described herein can be formatted
and used in a varicty of configurations. The donor chro-
mophores can be present on a single polynucleotide and the
acceplor chromophore can be present on a scparate poly-
nucleotide that is only brought into donor-acceplor transfer
distance by a preselected hybodization event. Altematively,
acceptor chromophores can be present on the same poly-
nucleotide together with one or more of the donor chro-
mophores.

In one embodiment, a polynucleotide bas al least two
donor chromophores operatively linked o the polynucle-
atide by linker arms such that the donor chromophores are
positioned by the linkage along the length of the polynucle-
otide at a donor-donor transfer distance as defined hercin. A
prefermed donor-donor transfer distance is about 1.4 o about
6.1 manomelers.

15
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Cﬂgﬂ is claimed is; ::>
1. A duplex nucleic acid structure capable of extended %

photonic energy transfer, said structure comprising:

a first polynucleotide;

a second polynucleotide hybridized 10 said first poly-
nucleotide;

at least one acceptor chromophore linked by linker arms
to one of said first polynucleotide and said second
polynucleotide;

wherein the distance between said terminal donor chro-
mophore and one said acceptor chromophore is greater
than 5 nm and there is at least one said intermediate
donor chromophore spaced from said terminal donor
chromophore by a donor-donor transfer distance; and

wherein said donor and said acceptlor chromophores are
alternately positioned on said first polynucleotide and
said second polynucleotide such that said photonic
energy transfer crosses belween said first and said
second polynucleotides of said duplex.

2. The structure of claim 1, wherein said donor-donor
transfer distance is 1.4 10 6.1 nm.

3. The struclure of ¢laim 1, wherein said donor chro-
mophores are selected from the group consisting of 4.4
diisothiocyanatodihydro-stilbene-2.2'-disulfonic acid, 4-ac-
elamido-4'-isolhiocyanato-stilbene-2,2'-disulfonic acid,
4 4'-diisothiocyanatostilbene-2,2'-disulfonic acid, succinim-
idyl pyrene butyrate, acridine isothiocyanate, 4-dimethy-
laminophenylazophenyl-4'-isothiocyanate (DABITC), Luci-
fer Yellow vinyl sulfone, fluorescein isothiocyanate,
Reactive Red 4 (Cibacron® Brilliant Red 3B-A) rhodamine
X isothiocyanate, sulforhodamine 101, Malachite Green
isothiocyanate and IR 1446,

25

g terminal donor chromophone linked by linker anus o
one of said first polynucleotide and said second poly-
nucleotide;

at least one intermediate donor chromophore linked by
linker arms to one of said first polynucleotide and said
second polynucleotide; and

4. The structure of claim 1, wherein said donor chro-
mophores are non-fluorescing chromophores.

5. The structure of claim 1, wherein said al least one
intermediate donor chromophore comprises 1 to 99 chro-
mophores.

6. The structure of claim 1, further comprising at least one
fluorescing acceptor chromophore operatively linked by
linker arms to one of said first polynucleotide and said
sccond polynucleotide, wherein said at least one fluorescing
accepting chromophore is positioned by said linker arms at
a donor-acceplor transler distance [rom at least one of said
donor chromophores.

7, The structure of claim 6, wherein said donor-acceptor
transfer distance is 0.1 to 1.7 nm.

8. The structure of claim 6, wherein said fluorescing
acceptor chromophore is selected from the group consisting
of pyrene, Lucifer Yellow, acridine, riboflavin, Auorescein,
rhodamine, sulforhodamine 101, and IR 144.

9. The structure of claim 1, wherein al least one of said
first polynucleotide and said second polynucleotide is linked
to a solid support.

10. The structure of claim 9, wherein the solid support is
selected from the group consisting of glass, metals, silicon,
organic polymers, membrancs, and bio-polymers.

» L] * ® *
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