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[57] ABSTRACT 
Compounds having the structure: 

x-v.O .~ ... A 

h'i--Yh 
y z 

wherein B represents 7-deazapurine, or pyrimidine moi
ety covalently bonded to the Cl'-position of the sugar 
moiety, provided that when Bis 7-deazapurine, it is 
attached at the N9-position of the 7-deazapurine and 
when B is pyrimidine, it is attached at the NI.posi
tion; 

wherein A represents a moiety consisting of at least 
three carbon atoms which is capable of forming a 
detectable complex with a polypeptide when the 
compound is incorporated into a double-stranded 
ribonucleic acid, deoxyribonucleic acid duplex, or 
DNA-RNA hybrid; 

wherein the dotted line represents a chemical linkage 
joining Band A, provided that if Bis 7-deazapurine, 
the linkage .is attached to the ?-position of the 
deazapurine, and if B is pyrimidine, the linkage is 
attached to the 5-position of the pyrimidine; and 

wherein each of x, y and z represents 

H-, HO-, 

0 0 0 
II II II 

HO-P-0-
1 ' 

HO-P-O-P-0-, 
I I 

OH OH OH 

or 

0 0 O· 
II II II 

HO-P-0-P-O-P-O-, 
I I I 
OH OH OH 

either directly, or when incorporated into oligo- and 
polynucleotides, provide probes which are widely 
useful. 

71 Claims, No Drawings 

Page 1

Illumina Ex. 1070 
IPR Petition - USP 10,435,742

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


5,449,767 

Page 2 

U.S. PATENT DOCUMENTS 
3,337,530 8/1967 Hanze ............................... 260/211.5 
3,338,882 8/1967 Wechter ........................... 260/211.5 
3,804,826 4/1974 Schelt et al .................. 260/211.5 R 
3,893,998 7/1975 Secrist, III et al .......... 260/211.5 R 
3,915,958 10/1975 Shuman et al ............... 260/211.5 R 
3,917,583 11/1975 Meyer et al .................. 260/211.5 R 
3,960,840 6/1976 Secrist, III et al .......... 260/211.5 R 
3,968,101 7/1976 Christensen et al ............. 260/211.5 
4,008,363 2/1977 Re et al ................................. 536/28 
4,038,480 7/1977 Robins et al .......................... 536/27 
4,048,307 9/1977 Yokota et al ....................... 424/180 
4,067,774 1/1978 Rubenstein et al ................... 195/63 
4,086,417 4/1978 Ishida et al ........................... 536/29 
4,088,639 5/1978 Zappelli et al ............... 260/112.5 R 
4,096,324 6/1978 Kelly et al ............................ 536/23 
4,134,792 1/1979 Boguslaski et al .................... 195/99 
4,151,349 4/1979 Traeger et al ........................ 536/28 
4,171,432 10/1979 Carrico et al ......................... 536/26 
4,213,893 7/1980 Carrico et al .................... 260/112.5 
4,228,237 10/1980 Hevey et al ............................ 435/7 
4,230,698 10/1980 Bobek et al ......................... 424/180 
4,230,797 10/1980 Boguslaski et al ...................... 435/7 
4,247,544 1/l981 Bergstrom et al .................. 424/180 
4,261,893 4/!981 Boguslaski et al ............. 260/326 N 
4,267,171 5/1981 Bergstrom et al .................. 424/180 
4,302,204 11/1981 Wahl et al .......................... 23/230.3 
4,318,980 3/1982 Boguslaski et al ...................... 435/7 
4,318,981 3/1992 Burd et al ............................... 435/7 
4,318,982 3/1982 Homby et al .......................... 435/7 
4,355,165 10/1982 Boguslaski et al .................. 544/237 
4,358,535 11/1982 Falkow et al ........................... 435/5 
4,363,759 12/1982 Boguslaski et al ............... 260/112.7 
4,374,925 2/1983 Litman et al ........................... 435/7 
4,380,580 4/1983 Boguslaski et al ...................... 435/7 
4,383,031 5/1983 Boguslaski et al ...................... 435/7 
4,446,231 5/1984 Self .......................................... 435/7 
4,469,863 9/1984 Ts'o et al .............................. 536/27 
4,581,333 4/1986 Kourilsky et al .. 

FOREIGN PATENT DOCUMENTS 
2618419 11/1976 Germany . 
2618511 11/1976 Germany . 
3045375 7/1982 Germany . · 

18-24191 10/1943 Japan .............................. 16 E/611.2 
58-62194 4/1983 Japan . 
1548741 7/1979 United Kingdom . 
1552607 9/1979 United Kingdom . 
2019408 10/1979 United Kingdom . 
2026690 2/1980 United Kingdom . 
1564578 4/1980 United Kingdom . 
2034323 6/1980 United Kingdom . 
2041922 9/1980 United Kingdom . 

2045239 10/1980 United Kingdom . 
2125964 3/1984 United Kingdom . 
8302276 7/1983 WIPO . 
8302277 7/1983 WIPO . 
8302286 7/1983 WIPO . 

OTHER PUBLICATIONS 

Broker, et al. (Feb. 1978) Nucleic Acicfs Research 
5:363-383. 
Tekman, et al Journal of Biological Chemistry (Nov. 
1960), Vol. 235:3254--3259. 
Bergstrom, D. E. and Ruth, J. L., "Synthesis of C-5 
Substituted Pyrimidine Nucleosides via Organopal
ladium Intermediates", JACS 98:6, 1587-1588 (1976). 
Bigge, C. F. "Synthesis of 5-Styryl Derivatives of Ura
cil Nucleosides and Nucleotides", Tetrahedron letters, 
19, 1653-1656 (1979). 
Bayley et al., Methods in Enzymology, vol. 46, 69-114 
(1977). 
E. A. Bayer and M. Wilchek, "The Use of the 
Avidin-Biotin Complex as a Tool in Molecular Biol
ogy," in Methods of Biochemical Analysis, 26, pp. 1-45 
(1980). 
D. Bergstrom and M. Ogawa, "C-5 Substituted Pyrimi
dine Nucleosides. 2". Synthesis Via Olefin Coupling To 
Organopalladium Intermediates Derived From Uridine 
and 2'-Deoxyuridine, J. Am. Chem. Soc., 100, pp. 
8106-8112 (1978) [Bergstrom I]. 
D. Bergstrom and J. L. Ruth, "Properties of C-5 Mer
curated Pyrimidine Nucleosides," J. Carbohydrates, 
Nucleotides and Nucleosides, 4, pp. 257-289 (1977) 
[Bergstrom II]. 
C. F. Bigge et al., "Palladium-Catalyzed Coupling Re
actions of Uracil Nucleosides and Nucleotides," J. Am. 
Chem. Soc., 102, pp. 2033-2038 (1980). 
C. Brandon et al., "Structure of a New Pyrimidine from 
Bacillus Subtilis Phage SP-15 Nucleic Acid", Nature 
New Biology, 239, pp. 70-71 (1972). 
T. R. Broker et al., "Electron Microscopic Visualiza
tion Of tRNA Genes with Ferritin-Avidin: Biotin La
bels," Nucl Acids Res., 5, pp. 363-383 (1978). 
R. M. K. Dale et al., "Direct Covalent Mercuration of 
Nucleotides and Polynucleotides," Biochemistry, 14, pp. 
2447-2457 (1975) [Dale I]. 
M. Ya. Feldman, Reactions of Nucleic Acids and Nucleo
proteins With Formaldehyde, -Ed. (19-). 
J. L. Guesdon et al., "The Use of Avidin-Biotin Inter
action In Immunoenzymatic Techniques", J. Histochem. 
and Cytochem. 27, pp. 1131-1139 (1979). 

Page 2
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


5,449,767 

Page 3 

OTHER PUBLICATIONS 
H. Hayashi and K. Nakanishi, "Synthesis and Absolute 
Configuration of ( + )-5-(4',5'-Dihydroxypentyl)uracil 
from Bacillus Subtilis Phage SP-15 Deoxyribonucleic 
Acid," J. Am. Chem. Soc., 95, pp. 4081-4083 (1973) 
[Hayashi I]. 
H. Hayashi et al. "Structure and Synthesis of Dihydrox
ypentyluracil from Bacteriophage SP-15 Deoxyribonu
cleic Acid," J. Am. Chem. Soc., 95, pp. 8749-8757 (1973) 
[Haysahi II]. 
P.R. Langer et al., "Enzymatic Synthesis ofBiotin-La
beled Polynucleotides: Novel Nucleic Acid Affinity 
Probes", Proc. Natl Acad. Sci. USA, 78, pp. 6633-6637 
(1981) [Langer!]. 
P.R. Langer and D. C. Ward, "A Rapid and Sensitive 
Immunological Method For In Situ Gene Mapping," in 
Developmental Biology Using Purified Genes, ed. D. D. 
Brown, Academic Press, pp. 647-658 (1981) [Langer 
II]. 
P.R. Langer and D. C. Ward, Abstract 1153: "A Rapid 
and Sensitive Immunological Method For In Situ Gene 
Mapping," in Journal of Supramolecular Structure and 
Cellular Biology, ed. Alan R. Liss, Inc. (1981) [Langer 
III]. 
Manning et al., "A Method for Gene Enrichment Based 
on the Avdin-Biotin Interaction. Application to the 
Drosophila Ribosomal RNA Genes," Biochemistry, 16, 
pp. 1364-1370 (1977) [Manning I]. 
M. Pellegrini et al., "Application of the Avidin-Biotin 
Method of Gene Enrichment to the Isolation of Long 
Double-Strande DNA Containing Specific Gene Se
quences", Nucl Acids Res., 4, pp. 2961-2973 (1977). 
J. L. Ruth and D. E. Bergstrom, "C-5 Substituted Py
rimidine Nucleosides. 1. Synthesis of C-5 Allyl, Propyl, 
and Propenyl Uracil and Cytosine Nucleosides via Or
ganopalladium Intermediates," J. Org. Chem., 43, pp. 
2870-2876 (1978). 
A. Sodja and N. Davidson, "Gene Mapping and Gene 
Enrichment by the Avidin-Biotin Interaction: Use of 
Cytochrome-C as a Polyamine Bridge," Nucl Acids 
Res., 5, pp. 383-399 (1978). 
M. Swierkowski and D. Shugar, "Poly 5-Ethyluridylic 
Acid, A Polyuridylic Acid Analogue", J. Mo/. Biol, 47, 
pp. 57-67 (1970). 
J. G. J. Bauman et al., "A New Method for Fluores
cence Microscopical Localization of Specific DNA 
Sequences by In Situ Hybridization of Fluoro
chrome-Labelled RNA", Exp. Cell Res., 128, pp. 
485-490 (1980) [Bauman I]. 
J. G. J. Bauman et al., "Rapid and High Resolution 
Detection of in situ Hybridisation to Polytene Chromo
somes Using Fluorochrome-Labeled RNA," 
Chromosoma (Berl.) 84, pp. 1-18 (1981) [Bauman II]. 

D. Bergstrom and J. L. Ruth, "Preparation ofC-5 Mer
curated Pyrimidine Nucleosides," J. Carbohydrates, 
Nucleotides and Nucleosides, 4, pp. 257-269 (1977) 
[Bergstrom II]. 
R. M. K. Dale et al., "The Synthesis and Enzymatic 
Polymerization of Nucleotides Containing Mercury: 
Potential Tools for Nucleic Acid Sequencing and 
Structural Analysis", Proc. Natl. Acad. Sci. USA, 70, pp. 
2238-2242 (1973) [Dale II]. 
W. S. Dallas and S. Falkow, "Molecular and Genetic 
Analysis of a DNA Sequence Encoding for Enterotoxin 
Snythesis in Escherichia coli, " Thirteenth Joint Confer
ence on Cholera, The U.S.-Japan Cooperative Medical 
Science Program (1979) [Dallas I]. 
W. S. Dallas et al., "The Characterization of an Escher
ichia coli Plasmid Determinant That Encodes for the 
Production of a Heat-Labile Enterotoxin," Plasmids of 
Medical Environmental and Commercial Importance, K. 
N. Timmis and A. Puhler, editors, Elsevier/North-Hol
land Biomedical Press (1979) [Dallas II]. 
D. J. Eckermann and R.H. Symons, "Sequence at the 
Site of Attachment of an Affinity-Label Derivative of 
Puromycin on 23-S Ribosomal RNA of Escherichia coli 
Ribosomes," Eur. J. Biochem., 82, pp. 225-234 (1978). 
H. G. Gratzner, "Monoclonal Antibody to 5-Bromo
and 5-Iododeoxyuridine: A New Reagent for Detec
tion of DNA Replication," Science, 218, pp. 474-475 
(1982). 
M. Grunstein arid D. Hogness, "Colony Hybridization: 
A Method for the Isolation of Cloned DNAs That Con
tain a Specific Gene", Proc. Natl. Acad. Sci. USA, 72, pp. 
3961-3965 (1975). 
K. Hofmann et al., "Iminobiotin Afl'"inity Columns And 
Their Application To Retrieval Of Streptanidin", Proc. 
Natl. Acad. Sci. USA, 77, pp. 4666-4668 (1980). 
E. S. Huang and J. S. Pagano, "Nucleic Acid Hybridi
zation Technology and Detection of Proviral Ge
nomes," Methods Virol 6, pp. 457-497 (1977). 
A. M. Jeffrey et al., "Benzo[a] pyrene-Nucleic Acid 
Derivative Found In Vivo: Structure of a Benzo[a]
pyrenetetrahydrodiol Epoxide-Guanosine Adduct," J. 
Am. Chem. Soc., 98, pp. 5714-5715 (1976). 
R. G. Kallen et al., "The Occurrence of a New Pyrimi
dine Base Replacing Thymine in a Bacteriophage 
DNA: 5-Hydroxymethyl Uracil," J. Mo/. Biol. 5, pp. 
248-250 (1962). 
D. E. Kennel, "Principles And Practicss of Nucleic 
Acid Hybridization" Pro. Nucl. Acid Res., 11, 259-301 
(1971). 
M. Koreeda et al., "Alkylation of Polyguanylic Acid at 
the 2-Amino Group and Phosphate by the Potent Mu
tagen (±)-7/3, 8a-Dihydroxy-9 /3,10/3 epoxy -7,8,9,-
10-tetrahydrobenzo[a]pyrene," J. Am. Chem. Soc., 98, 
pp. 6720-6722 (1976). 

Page 3
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


5,449,767 

Page4 

OTHER PUBLICATIONS 
T. T. Kuo et al., "5-Methylcytosine Replacing Cyto
sine in the Deoxyribonucleic Acid of a Bacteriophage 
for Xanthomonas oryzae," J. Mal Biol, 34, pp. 373-375 
(1978). 
I. R. Lehman and E. A. Pratt, "On the Structure of the 
Glucosylated Hydroxymethylcytosine Nucleotides of 
Coliphages T2, T 4 and T6," J. Biol Chem. 235, pp. 
3254-3259 (1960). 
E.T. Maggio (ed.), Enzyme-Immunoassay (1980). 
J.E. Manning et al., "A New Method Ofin situ Hybrid
ization," Chromosoma (Berl), 53, pp. 107-117 (1975) 
Manning 11]. 
J. Marmur et al., "Unique Properties of nucleic Acid 
from Bacillus Subtilis Phage SP-15, Nature New Biology, 
239, pp. 68-70 (1972). 
T. W. Munns and M. K. Liszewski, "Antibodies Spe
cific for Modified Nucleotides: An Immunochemical 
Approach for the Isolation and Characterization of 
Nucleic Acids," in Progress in Nucleic Acid Research and 
Molecular Biology, ed. W. E. Cohn, Academic Press, 24, 
pp. 109-165 (1980). 
T. Nelson and D. Brutlag, "Addition of Homopolymers 
to the 3'-ends of Duplex DNA with Terminal Trans-

ferase," Methods in Enzymology (vol. 68) Recombinant 
DNA, ed. R. Wu, pp. 41-50. 
J. Reiser et al., "Transfer of Small DNA Fragments 
From Polyacrylamide Gels to Diazobengyloxymethyl 
Paper and Detection by Hybridization with DNA 
Probes," Biochemical and Biophysical Research Com
munications, 85, pp. 1104-1112 (1978). 
P. W. J. Rigby et al., "Labeling Deoxyribonucleic Acid 
to High Specific Activity In Vitro to Nick Translation 
with DNA Polymerase I,"J. Mo!. Biol, 113, pp. 237-251 
(1977). 
G. T. Rudkin and R. D. Stollar, "High Resolution De
tection of DNA-RNA Hybrids in situ by Indirect Im
munofluorescence", Nature, 265, pp. 472-473 (1977). 
M. So, "Characterization of an Escherichia coli Plasmid 
Encoding for the Synthesis of Heat-Labile Toxin: Mo
lecular Cloning of the Toxin Determinant", Infection 
and Immunity 21, pp. 405-411 (1978). 
Lubert Stryer, Biochemistry, 3rd ed., c. 1975, 1981, 
1988 Seep. 184, "Formation of an Enzyme-Substrate 
Complex is the First Step in Enzymatic Catalysis". 
C.-Y. Lee et al. "8-(6-Aminohexyl)-Amino-Adenine 
Nucleotide Derivatives for Affinity Chromatography, 
"Arch. Biochem. Biophys. 163, pp. 561-569 (1974). 

Page 4
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


1 
5,449,767 

2 

MODIFIED POLYNUCLEOTIDES AND 
METHODS OF PREPARING SAME 

biotin, similar reactions can be used for its detection. 
Moreover, the reversibility of the iminobiotin-avidin 
interaction, by decreasing solution pH, offers significant 
advantages in certain applications. 

The invention disclosed and/or claimed in this appli- 5 The specificity and tenacity of the biotin-avidin com-
cation was made in the course of work carried out plex has been used in recent years to develop methods 
under grants from the Public Health Service, National for visually localizing specific proteins, lipids, or carbo-
lnstitute of General Medical Research Grant No. P50- hydrates on or within cells (reviewed by E. A. Bayer 
GM20124; Public Health Service, National Cancer In- and M. Wilchek in Methods of Biochemical Analysis, 
stitute Training Grant No. T32-CA09159; and Public 10 26, 1, 1980). Chromosomal location of RNA has been 
Health Service, National Institute of General Medical determined by electron microscopy using a biotinized 
Science Grant No. T32-GM07499. The Government protein, cytochrome C, chemically crosslinked to RNA 
has certain rights in the invention. as a hybridization probe. The site of hybridization was 

This is continuation of application Ser. No. visualized through the binding of avidin-ferritin or avi-
07 /130,002, filed Dec. 8, 1987, now abandoned, which 15 din-methacrylate spheres mediated by the avidin-biotin 
is in tum a division of application Ser. No. 06/496,915, interaction. (J.E. Manning, N. D. Hershey, T. R. Bro-
filed May 23, 1983, issued Dec. 8, 1987 as U.S. Pat. No. ker, M. Pellegrini, H. K. Mitchell, and N. Davidson, 
4,711,955. Application Ser. No. 06/496,915 is in tum a Chromosoma, 53, 107, 1975; J. E. Manning, M. Pelle-
continuation of application Ser. No. 06/255,223, filed grini, and N. Davidson, Biochemistry, 61, 1364, 1977; T. 
Apr. 17, 1981, now abandoned. 20 R. Broker, L. M. Angerer, P.H. Yen, N. D. Hersey, and 

BACKGROUND OF THE INVENTION 

Many procedures employed in biomedical research 
and recombinant DNA technology rely heavily on the 
use of nucleotide or polynucleotide derivatives radioac- 25 
tively labeled with isotopes of hydrogen (3H), phospho
rous (32p ), carbon (14C), or iodine (1251). Such radioac
tive compounds provide useful indicator probes that 
permit the user to detect, monitor, localize, or isolate 
nucleic acids and other molecules of scientific or clini- 30 
cal interest, even when present in only extremely small 
amounts. To date, radioactive materials have provided 
the most sensitive, and in many cases the only, means to 
perform many important experimental or analytical 
tests. There are, however, serious limitations and draw- 35 
backs associated with the use of radioactive com
pounds. First, since personnel who handle radioactive 
material can be exposed to potentially hazardous levels 
of radiation, elaborate safety precautions must be main
tained during the preparation, utilization, and disposal 40 
of the radioisotopes. Secondly, radioactive nucleotides 
are extremely expensive to purchase and use, in large 
part due to the cost of equipment and manpower neces
sary to provide the appropriate safeguards, producer
/user health monitoring services, and waste-disposal 45 
programs. Thirdly, radioactive materials are often very 
unstable and have a limited shelf-life, which further 
increases usage costs. This instability results from radio
lytic decomposition, due to the destructive effects asso
ciated with the decay of the radioisotope itself, and 50 
from the fact that many isotopes (e.g. 32p and 1251) have 
half-lives of only a few days 

It is known that haptens can combine with antibodies, 
but can initiate an immune response only if bound to a 
carrier. This property can be exploited in detection and 55 
identification testing. 

It is also known that biotin and iminobiotin strongly 
interact with avidin, a 68,000 dalton glycoprotein from 
egg white. This interaction exhibits one of the tightest, 
non-covalent binding constants (K.iz:s= 10-15) seen in 60 
nature. If avidin is coupled to potentially demonstrable 
indicator molecules, including fluorescent dyes, e.g. 
fluorescein or rhodamine; electron-dense reagents, e.g. 
ferritin, hemocyanin, or colloidal gold; or enzymes 
capable of depositing insoluble reaction products, e.g. 65 
peroxidase or alkaline phosphatase, the presence, loca
tion, or quantity of a biotin probe can be established. 
Although iminobiotin binds avidin less tightly than 

N. Davidson, Nucleic Acid Res., 5, 363, 1978; A Sodja 
and N. Davidson, Nucleic Acid Res., 5, 383, 1978.) This 
approach to the detection of polynucleotide sequences, 
although successful in the specialized cases examined 
which were highly reitterated sequences, is not of gen
eral utility for analysis of polynucleotides present in 
single or low copy number. 

Moreover, methods for attaching chemical moieties 
to pyrimidine and purine rings are known. Several years 
ago a simple and rapid acetoxymercuration reaction 
was developed for introducing covalently bound mer
cury atoms into the 5-position of the pyrimidine ring, 
the C-8 position of the purine ring or the C-7 position of 
a 7-deazapurine ring, both in nucleotides and polynu
cleotides. (R. M. K. Dale, D. C. Livingston and D. C. 
Ward, Proc. Natl. Acad. Sci. U.S.A., 70, 2238, 1973; R. 
M. K. Dale, E. Martin, D. C. Livingston and D. C. 
Ward, Biochemistry, 14, 2447, 1975.) It was also shown 
several years ago that organomercurial compounds 
would react with olefinic compounds in the presence of 
palladium catalysts to form carbon-carbon bonds (R. F. 
Heck, J. Am. Chem. Soc., 90, 5518, 1968; R. F. Heck, 
Ibid., 90, 5526, 1968; R. F. Heck, Ibid., 90, 5531, 1968; 
R. F. Heck, Ibid., 90, 5535, 1968; and R. F. Heck, J. Am. 
Chem. Soc. 91, 6707, 1969.) Bergstrom and associates 
(J. L. Ruth and D. E. Berstrom, J. Org. Chem., 43, 2870, 
1978; and D. E. Bergstrom and M. K. Ogawa, J. Am. 
Chem. Soc., 100, 8106, 1978) and Bigge, et al. (C. F. 
Bigge, P. Kalaritis, J. R. Deck and M. P. Mertes, J. Am. 
Chem. Soc., 102, 2033, 1980) have recently applied this 
reaction scheme in the synthesis of C-5 substituted py
rimidine nucleotide compounds. 

Finally, it is known that antibodies specific for modi
fied nucleotides can be prepared and used for isolating 
and characterizing specific constituents of the modified 
nucleotides. (T. W. Munns and M. K. Liszewski, 
Progress in Nucleic Acid Research and Molecular Biol
ogy, 24, 109, 1980.) However, none of the antibodies 
prepared to date against naturally occurring nucleotides 
have been shown to react with their nucleotide determi
nant when it exists in a double-stranded RNA or DNA 
duplex or when in DNA-RNA hybrid molecules. 

To circumvent the limitations of radioactively la
beled probes or previously utilized chemical and biolog
ical probes, a series of novel nucleotide derivatives that 
contain biotin, iminobiotin, lipoic acid, and other deter
minants attached covalently to the pyrimidine or purine 
ring have been synthesized. These nucleotide deriva-
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