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Detection of Unlabeled Hybridized DNA and RNA

Using Restriction Enzyme Digestion

Technical Field
This invention is related to the fields of deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA) sequencing; and genetic mapping, characterization, and diagnostics; and detection and

identification of organisms, viruses, and nucleic acids.

Background of the Invention

DNA and RNA — The nuclei of living cells possess chromosomes, which contain the
genetic information necessary for growth, regeneration and other functions of organisms.
Instructions concerning such functions are contained in the molecules of deoxyribonucleic acid
(DNA). The genetic information of DNA is contained in the sequence of nucleotide bases, which
are arranged on a linear polymer of deoxyribose phosphates. The four bases are thymine (T),
adenine (A), cytosine (C), and guanine (G). Two strands of DNA form a double helix joined by
base pairing of Ts to As and Cs to Gs. Accordingly, the base sequence along one strand
determines the order of bases along the complementary strand. Cells use DNA as a template for
RNA synthesis. During RNA synthesis, a strand of RNA complementary to the template DNA is
formed. RNA/DNA hybrids obey the same base pairing rules as DNA/DNA hybrids except that
RNA contains uracil (U) instead of T. Both RNA and DNA, therefore, can be used to derive
genetic information.

DNA and RNA Sequencing — Sequencing is the determination of the sequence of bases in
nucleic acid strands. Polymerase chain reaction (PCR) is a process in which segments of sample
DNA that are of interest are synthesized repeatedly until an amount is produced which is suitable
for further experimentation. For the purpose of sequencing, PCR can contain fluorescently labeled,
dideoxynucleotide triphosphates that stop further elongation of strands. Each of the four kinds of
dideoxynucleotide triphosphates (A, T, C, or G) is labeled with a different fluorescent label. The
products of this reaction are of various lengths and each strand has only one label that represents

the last base added. When separated by size, the base sequence of the template DNA can be
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determined. This is the Sanger method of DNA sequencing and is, at present, the most commonly
used method for sequencing long DNA sequences. For RNA, PCR includes reverse transcriptase
that makes a complementary DNA from the RNA template. The DNA products are then
sequenced by the Sanger method. The Sanger method requires a high quality gel and
electrophoresis of the ampified DNA. It is a time consuming process and not well-suited for
parallel sequencing of several sequences.

Sequencing by Hybridization — Sequencing by hybridization (SBH) uses the specificity of
DNA/DNA binding rules and melting temperature to sequence labeled sample DNA.
Hybridization is performed at elevated temperatures close to the melting point of the fully
complementary hybrid so that non-complementary DNA cannot hybridize to the probe. Also,
imperfect hybridization can be followed by washes approaching the melting temperature to ensure
that non-complementary sample DNA has been removed from the probe site. Typically, probes are
immobilized on a solid surface. Detection of labeled DNA at the location of a probe indicates the
presence of complementary sequence in the sample DNA. The solid surface containing the probe
oligonucleotides is sometimes referred to as an SBH chip, a genosensor chip, a hybridization
surface, or a dot blot. This version of the SBH process is referred to as Format II SBH. E.
Southern disclosed Format IT SBH in International Application No. PCT/GB89/00460.

Format I SBH is an alternative method where sample DNA is attached to a solid surface,
such as a nylon membrane, and hybridized with labeled probes. R. Drmanac and R.
Czerkvenjakov disclosed Format I SBH in US Patent No. 5,202,231.

Genetic diagnostic information can also be obtained using techniques similar to those used

“for obtaining sequencing information. In diagnostic applications, a known sequence that indicates

the presence of a particular gene or organism is immobilized to the surface and labeled DNA from
the sample is allowed to hybridize. After washing to eliminate nonspecific binding, detection of

the label indicates that gene or organism is present in the sample.

While the above sequencing by hybridization techniques are capable of producing reliable
results, if properly applied, certain disadvantages are inherent. For example, the target DNA must
be sorted and immobilized (Format I) or labeled (Format IT). These procedures for sequencing are
laborious and require a large DNA or RNA sample. If these limitations can be overcome, the

parallel nature of the genosensor chip makes it ideal for several forms of diagnostics, forensics,
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and other applications. In particular, if amplification, labeling, and segregation of the target DNA
before hybridization were not necessary, the genosensor chip could be used more readily as a
routine diagnostic test. DNA arrays utilize parallel hybridization of target DNA to multiple
known-sequence probes in a compact array. This allows detection of multiple sequences using
SBH with only one small DNA sample [1-8]. Since the arrays are so compact (e.g., 100s to 1000s

on a silicon chip), the reliability of diagnostic tests can be improved by using multiple probes.

Probe Technology - Molecular beacons (described in US Patents 5,118,801 and 5,312,728)
are single-stranded DNA (ss-DNA) probes that form a stem-and-loop structure. The loop sequence
is complementary to a sequénce of interest. Binding of complementary DNA to the loop sequence
opens the stem-and-loop structure. If no complementary DNA is present, the stem-and-loop
structure remains intact. Molecular beacons do not require labeling of the sample DNA because
the beacons have a single fluorophore attached to one end and a quencher to the other end. When
in a stem-and-loop conformation, the ends are close together and light emission is quenched.
When hybridization breaks the stem structure, the fluorophore and quencher are separated and
light is emitted [9]. Although the stem is only 6 or 7 base pairs in length, it has a melting
temperature well above 55°C due to its intramolecular nature. Molecular beacons are routinely
used to monitor PCR reactions in real time.

Molecular beacons can be used to differentiate sequences that differ by only a single base
such as alleles for drug-resistant tuberculosis, human coagulation factor V, human estrogen
receptor, and human methylenetetrahydrofolate reductase [10-13]. This specificity is not available
with most other probe types. In addition to DNA studies, molecular beacons have been used to
detect RNA sequences in living cells [14-16]. It has been demonstrated that molecular beacons
still function when immobilized to surfaces [17-18].

It is necessary that molecular beacons form the desired stem-and-loop structure. One useful

tool is a DNA folding program available on the internet (http://bioinfo.math.rpi.edu/~zukerm/) that

estimates the free energy of formation of the stem hybrid and predicts the melting temperature. In
general, the loop areas should be approximately 21 bases long with a GC content of 25-75 percent.
The loop length can be adjusted to accommodate various GC percentages. The stem structures
should be 6 or 7 base pairs long and contain mainly Cs and Gs.

Although molecular beacons have many good qualities, they are limited for use in

applications other than PCR diagnostics. The use of a single fluorophore label requires the
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amplification of the sample DNA. Because many other compounds fluoresce and produce a high
background, a large amount of fluorophore must be present to be measured accurately.

Label Technology - Bioluminescent enzymes, such as luciferase, alkaline phosphatase,
horseradish peroxidase, B-galactosidase, and aequorin, have recently been used to detect
attomolar concentrations of molecules and have been shown to be 30-60 fold more sensitive
than radioactive labels [19]. They produce much less background since no excitation light is
required. In these particular cases, light is produced continuously as long as activator is
available, therefore, photons can be counted over a period of time. Label technology is a rapidly
advancing field, and, for this reason, a type of probe that is easily adaptable to new labels or
multiple labels would be highly beneficial.

Restriction enzymes — Restriction enzymes (or restriction endonucleases) are produced in
bacteria, presumably to degrade foreign DNA. Methylation differences between the bacterium’s
genomic DNA and the foreign DNA protect the genomic DNA from cleavage [20].

Restriction enzymes bind at recognition sequences. Recognition sequences are typically 4
to 6 bases long, but may be longer. Restriction enzymes cleave doﬁble-stranded DNA (dsDNA) at
a restriction site, which may or may not be located within the recognition sequence. At each
restriction site, one phosphodiester bond from each of the strands in the dsDNA is hydrolyzed to
form hydroxyl and phosphate groups. The cleaved sites, one on each DNA strand, may be
opposite each other forming two blunt-ended dsDNA fragments, or may occur at different
locations resulting in fragments with protruding unpaired bases called sticky ends [21].

Currently, almost 3000 restriction enzymes with over 200 different recognition sequences
are known. The field of molecular cloning relies heavily on the use of restriction enzymes to
create new chimeric DNA sequences from different sources [22]. This demand is met by several
companies (New England Biolabs, Fermentas, Roche, and Stratagene, for example) that offer
restriction enzymes and study the activities of the enzymes. Restriction enzymes are usually
supplied with a concentrated buffer solution that optimizes activity. Typical buffer conditions are
pHs from 7.0 to 7.9, magnesium salts from 10 to 100 mM, bovine serum albumin from 0 to 100
ng/ml, and temperatures from 30 to 65°C. One unit of restriction enzyme is defined as the amount
necessary to digest 1 pg of DNA in one hour under optimal conditions.

The most commonly used restriction enzymes are highly efficient (nearly 100% of

restriction sites cut). DNA fragment length can affect restriction enzyme activity. Frequently,
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restriction enzymes can cut short pieces of dsDNA efficiently, but some require longer fragments.
Suppliers (New England Biolabs, for example) recommend having six base pairs on each side of
recognition sites to ensure efficient cleavage when length preference is unknown. Some enzymes,
such as Eco RlI, are known to cut efficiently with only one base on each side of the recognition

site.

Summary of Invention

The present invention utilizes a nucleic acid probe for detecting specific target nucleic acid
sequences. The probe is an oligonucleotide containing a covalent surface-coupling group
attached to one end and a label attached to the other end, wherein the oligonucleotide contains
two complementary regions which hybridize to each other in the absence of target nucleic acid
forming a loop region which contains a sequence complementary to the target sequence being
probed, and forming a stem region which contains a restriction enzyme site which is not present
in the hybridized loop.

The present invention further utilizes a method of determining the presence of one or more

specific target nucleic acid sequences using such a probe.

Brief Description of the Drawings

Figure 1. The structure of a probe with a removable label (PRL) attached to a glass
surface. G, C, A, and T represent the bases of nucleotides in an ssDNA molecule. The looped area
contains the target-hybridization sequence. Stem-forming sequences, located on each side of the
target-hybridization sequence, hydrogen bond to form the stem. This stem can be cut by the

restriction enzyme Pal 1.

Figure 2. A summary of the processes in a preferred embodiment.
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Detailed Description of the Invention

The invention is a probe with a removable label (PRL) that can be used to detect
hybridization without Iabeling target DNA. The PRL structure differs from that of a molecular
beacon in three ways: 1) the stem structure contains a restriction enzyme recognition site, 2)
different label types, including fluorescent labels, can be used and no quencher is necessary, 3) a
moiety is present to attach the PRL to surfaces to form arrays (Figure 1). Like molecular beacons,
the stem structure in the PRL must open upon hybridization of the loop sequence to
complementary target DNA or RNA. The stem structures may be approximately 4-9 nucleotides in
length. For each PRL array, a restriction enzyme is used that has a restriction site in each stem
sequence but does not have a restriction site or a recognition site in any of the hybridized loop
sequences. A list of several potential restriction enzymes and their recognition sequences is given
in Table 1. Identification of additional suitable restriction enzymes can be readily determined
based on the present disclosure of the invention and generally available knowledge in the field of
molecular biology. For example, the PRL shown in Figure 1 has both the Pal I recognition site
and restriction site located in the stem. The stem sequence GGCCAG, written 5' to 3', can be cut
by Pal 1 forming the fragments GG and CCAG. After this fragmentation, covalent bonds no longer
connect the label to the surface. The six weaker hydrogen bonds between the two CG base pairs
are not strong enough to hold the label to the bound portion of the PRL and the label can be
washed away. Other stem sequences, used with other restriction enzymes in Table 1, may have
more than six hydrogen bonds remaining. Washes at elevated temperatures can be used to break
these hydrogen bonds without damaging the covalent bonds. The conditions used for washing
away the labeled nucleotide fragment subsequent to restriction enzyme digestion may be routinely
determined by one skilled in the art based on the restriction site and restriction enzyme used. Such
information is typically available from the company source of the restriction enzyme.

The loop portion of the PRL should be about 16 to 25 nucleotides in length. In order
to function properly, the hybrid formed upon hybridization of a fully éomplementary DNA to the
loop sequence must be more energetically favorable than the stem hybrid, however, any loop
hybrid containing mismatches must be energetically less favorable than the stem hybrid. In order
to achieve this, the length or composition of the loop and /or stem sequences is varied. Commonly,

a loop sequence with a high AT content requires more nucleotides in the loop sequence or a
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weaker stem sequence. A loop sequence with a higher GC content may need a reduced length or a

more stable stem sequence.
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Table 1. A list of restriction enzymes and their recognition sequences. Abbreviations are as follows: *,
indicates the cleavage site; _, indicates the second cleavage site in “sticky end” cleavages; N, any of the four
bases; W, base A or T; M, base A or C; K, base G or T ; Y, base C or T; R, base G or A; S base G or C; D base
A or G or T; H base A or C or T. Table adapted from the Restriction Enzyme Database
(http://rebase.neb.com), Dr. Richard J. Roberts and Dana Macelis, authors.

Enzymes Recognition Sequence Other Enzymés Capable of Cutting These Sequences

Alul AG”CT Mif

Ball TGG"CCA MisI, MIu311, MIuNI, Mscl

BsaAl YACMGTR BsfBAI, MspY1, PsuAl

BsrBI CCG"CTC AccBSI, BsfD1021, Bst31NI, Mbil

Btrl CAC GTC -

Cac81 GCNANGC -

Cill RG*CY CviTl

CvIRL TG CA HpyCH4V

EcodTIII AGC'GCT Afel, Aid, AorS1HI, Funl

Eco781 GGCrGCC Egel, Ehel, Sfol

EcoICRI GAG"CTC Ecli36]1, Eco53kI, Mxal
Accll, BeeBI, Bepl, Bpu951, Bsh12361, Bsp501, Bsp123]I,

FruDII CGMCG BstFNI, BstUl, Bsul5321, Btkl, Csp68K VI, CspK VI, FauBl],
Mvnl, Thal

Hael WGGCCW -
BecAll, Biml9Il, Bme3611, BseQl, Bshl, BshFl, Bsp211l,

Haelll GGACC BspBRI, BspKl, BspRI, BsuRl, Btel, Cifl, Dsall, FnuDI,
MchAll, MfoAl, NgoPIl, Nspl X1, Pall, Pdel331, PfIK], Plal,
Shvl, Sfal, Sual

HindlI GTY"RAC HinJCI, Hincll

Hpy38l1 GIN"NAC HpyBII

Lpnl RGCAGCY Bmel421

MsA TGC "GCA Accl6l, Aosl, Avill, Fdill, Fspl, Nsbl, Paml

Nael GCCrGGC 52(11%7 ;;dil, SauBMKI, SauHPI, SaulPI, SauNI, SauS],

NlalV GGN~ANCC AspN], BscBI, BspLl, PspN4l

Nrul TCG"CGA Bsp681, MIuB21, Sbo131, Spol

NspBII CMG"CKG MspAll

PmaCl CACMGTG BbrPl, BcoAl, Eco721, Pmil

I e
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Enzymes Recognition Sequence Other Enzymes Capable of Cutting These Sequences
Rsal GT~AC Afal, HpyBI, PlaAll
Scil CTC "GAG -
Smal CCCMGGG CfrJ41, PaeBI, PspALl
Sifl GCCCMGGGC -
Sspl AAT ATT -
Stul AGGACCT ggil, AspM], Ecol47l, Gdil, Pme551, Sarl, Sru30DI, SseBI,
Type II restriction enzymes cleaving outside their recognition sequences:
Bsrl ACTG GN» Bsell, BseNlI, BsrSl, Bst111, Tspll
BstF51 GGATG_NN~ BseGI
Bisl GCAGTG_NN* -
Type II restriction enzymes producing 5' overhangs:
decl GT"MK_AC FbI, Xmil
Acil C"CG_C -
Ahall, AosII, AstWY, Asulll, Bbill, BsaHI, BstACI, Hgil
A 2 £ el 2 td £l 2 2
Agl GRACG_YC HeiDl, HeiGl, HeiHlL, Hinll, Hsp92L, Msp17L, PamIl
AL A”CRYG_T -
Agel ANCCGG_T AsiAlL BshTI, CspAl, PinAl
Apall GM"TGCA_C AlwA4l, Snol, Vnel
Ascl GG"CGCG_CC -
Asp7181 G"GTAC C Acc651, AhaB8I, Sthl
AspS91, Avcl, Bac36l, Bal2281, BavAll, BavBll, Bce22l,
Asul G"GNC_C BshK1, BsiZl, Bsp18941, BspBII, BspF4I, Bsu541, Ccul,
Cfi'131, MaeK811I, NspIV, Nsp71211, Pdel2], PspPl, Sau961
Acpl, Asp10HI, Biml, Bim191, Bpul4l, BsiCl, Bsp1191,
Asull TTCG_AA BspLAIL, BspT1041, BsiBI, Cbil, Csp45I, Csp68KII, Fspll,
Lspl, Mlal, NspV, Plall, PpaAl, Sful, Sspll, SspRF1, Svil
Ama871, Aqul, Beol, Bsel5], BsoBl, BstSI, Eco881, Eco27kI
IA 3 ] -3 > > i3 3 2
Aval CTYCGR G NspIIL, NspSAL PlaAl, PunAl
Afll, Asp7451, BamNxl, BcuAl, Bmel8l, Bme2161, BsrAl,
~ BthAl, Caul, Csp68KI, DsalV, EagMI, Eco471, Erpl, Fdil,
Avall GAGWC_C FspMSI, Fssl, HgiBI, HgiCIl, HgiEl, HgiHIIl, Hgill, Kz0491,
Sinl, SmuEl, VpaK11BI,
Avrll C*CTAG_G AvrBIL, Binl, BspA2l, Xmall
AccEBI, Alil, ApaCl, Asil Bce7511, Bnal, Bsp981, Bsp40091,
BamHI GMGATC_C BspAAI, Bsdl, Cell, MIu231, Nsp2913211, NspSAIV, OkrAl,

PfISL, RspLKIL Soll, Surl




WO 02/24955

PCT/US01/29258

Enzymes Recognition Sequence Other Enzymes Capable of Cutting These Sequences

BbvCI CC*TCA_GC Abel

Befl WACCGG_W Bca77l, BsaWl

Bpu101 CCMNA_GC BpuDI

BsePI G"CGCG_C BssHII, BstBZ1531, Paul

Bsil C"ACGA_G BssS1, Bst2BI

Bsp1201 G"GGCC_C PspOMI

o I e
Aeul, Aorl, ApaORI, Apyl, BciBIl, Bsel6l, Bsel7l, Bse24l,

BN COW_GG DML, BtOF, BuaUL, BHDL BAEL Chv, G Fop 6041,
Mval, Snil, Ssil, Sth1171, TagX1, Zanl
AcrIl, AspAl, Bse64l, BseT91, BseT101, BsiKI, BstPl, BstT9I,

BstEIl G"GTNAC_C BstT101, Ecal, Eci1251, Eco911, EcoO651, EcoO128I,
NspSAIl, PspEI

Caull CC"S_GG Ahal, Asell, AsuC2l, Benl, HgiS221, Mgl144811, Ncil

Cfil Y*GGCC_R Bfi891, Eael, EcoHK311

Cfr101 RMCCGGY Bco1181, Bsel181, Bse6341, BsrFI, BssAl, BstB7SI

CviAll CMAT G -

CviQI G'"TA_C Csp6l, CviRIl

Ddel CMNA_G BsiDEI, BstJZ3011

Drall RG"GNC_CY Eco01091

Dsal C*CRYG_G BsiDSI, Bigl, TspBI

EcoHl MCCSGG_ Eco18311, Kpn49kll

EcoRII "CCWGG_ PspGlI, Slel, SspAl

Eco561 GMCCGG_C MroNI, NgoAIV, NgoMIV, Scelll, Sril

Espl GCMNA_GC BIpl, Bpu1102L, Bsp17201, Celll

FrnudHI GC™"N_GC BsoFl, Bsp6l, Fbrl, Fsp4Hl, Ital, Safl, Uur9601

Gdill C*"GGCC_R -

HgiCI G'GYRC_C ﬁg;];hlii%kfbvm, BshNI, BspT1071, Eco641, HgiH]I,

Hinfl G"ANT C CviBL, FnuAl, Hhall, SscL1I

HinP11 GMCG C Hin6l, Hsol, HspAl, SciNI

Hpall CrCG G Bco271, BsiSI, Bst401, BsuF1, Cbol, Hapll, Hin21, Mnol,

Mspl, Pdel37], Sth1341

10
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Enzymes Recognition Sequence Other Enzymes Capable of Cutting These Sequences

Hpy178I11 TC"NN_GA Hpy188II1

Kasl G"GCGC_C -

Mael Cr"TA_G Bfal, Fgol, MthZ1, Rmal, Xspl

Maell A"CG_T HpyCHAIV

Maelll *GTNAC _ -
AspMDI, Bce2431, Bfi571, Bmel2l, BscFl, Bsp671, Bsp105],
Bsp1431, Bsp20951, BspAl, BspFI Bspll, BstENII, BtkIl, Cacl,

Mbol AGATC_ Ceyl, Cpfl, CviAl, Dpnll, FnuCl, FnuEl, Hacl, Kzo91, LiaAl,
Mgol, MkrAl, Ndell, Nlall, NmeCl, Nphl, RalF40], Sau3Al,
SauMl, Sth3681

Miul ANCGCG_T Bbi241

Narl GG™CG_CC Mchl, MIy1131, Ndal, Nunll, SseAl

Neol C CATG_ G Bsp191

Nhel G"CTAG C AsuNHI, PsiNHI

Nofl GC"GGCC_GC CciNI, CspBI, MchAl

PpuMI RG"GWC_CY P271, PpuXI, Psp511, PspPPl

Rsrll CG"GWC_CG Cpol, Cspl, Rsr21

Sall GMTCGA_C BspMK1, HgiCIll, HgiDII, Nopl, RfIF1, Rtrl, Rtr631, Xcil

SanDI GG"GWC_CC Ssel8251

Saul CCTNA_GG f;i[égtlic)]l‘l{;sflllz;HOK;; NBis"e;s‘lhl;jspRﬂ, Bsu36l, Cvnl, Eco81],

ScrFl1 CCAN_GG Bmel13901, Msp671, MspRII

Secl C"CNNG_G BsalJl, BseDI, BssECI

Sell ACGCG_ -

SexAl ACCWGG_T Mabl

Sfel CRYA_G BdiSI, Bfiml, BstSF1, LlaBI, Sfcl

SgrAl CRMCCGG_YG -

Siml GG GTC_ -

Smil C"YRA_G -

SpiI CAGTAC_G 55:3351, BsiWl, BvuBIL, MaeK811, PfI2311, PpuAl, PspLl,

Sse2321 CG*CCGG_CG -

Ssoll ACCNGG._ BssKI, BstMZ6111, DsaV, Ecl18K], Ecol3kl, Eco21KI,

Eco137KL, Kpn2KI, StyDA4l

11
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Enzvmes Recognition Sequence Other Enzymes Capable of Cutting These Sequences
Styl Cr"CWWG_G BsmSl, BssT11, Cf¥BL, Ecol30, EcoT141, Erhl, ErhB9IL
Taql T"CG_A PpaATl, Tsp321, Tsp3211, TthHB8IL
Tsel GMCWG_C Acel, Taq521
Tsp45l AGTSAC_ Hpy511, NmuCl
Unbl *"GGNCC_ -
VpaK11Al "GGWCC_ -
Abr, Blul, BspAAl, BssHI, BstV1, Cerl, Mavl, MlaAl,
Xhol C TCGA_G PaeR71, Panl, Sau32391, SauL P, Sbi68l, Sfi2741, Slal,
Sol10179], Strl, Tlil, Xpal
Xholl RMGATC Y BloHl, BstX21, BstY1, Dsalll, Mfl, Psul, Tru2011
Xmal CrCCGG_G AmyL, Cfi9l, EaeAl, EcIR], Pac251, PspAl, Xcyl, XmaCl
Xmalll Cr"GGCC_ G Aaal, BseX31, BstZ], Eagl, EcIX1, Eco521, SenPT161
Type II restriction enzymes producing 3' overhangs:
Aafl G_ACGT*C Ssp52301
Acell G_CTAG"C -
Apal G_GGCCC Ppel
Bbel G_GCGCC -
BseSI G_KGCM"C -
BspKT6l G_AT~C -
Bsrl ACTG_GN» Bsell, BseNl, BsrSL, Bst11l, Tspll
BstP51 GGATG_NN# BseGI
BstX1 CCAN_NNNNANTGG| BstHZ551
Chal _GATC? -
Fmul G_GNC*C -
Fsel GG_CCGGrCC -
Haell R_GCGCNY AccB21, Bsp14311, BstH21
HgiAl G_WGCW~C Alw211, AspHI, Bbv121, Bsh451, BsiHKAI, MspV2811
i R
Hhal G_CG~C AspLE], BspLAl BsfHHI, Cfol, FruDIII
Hpy991 _cgweah -
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Enzymes Recognition Sequence Other Enzymes Capable of Cutting These Sequences
Hpy1881 TC_N"GA -
HpyCHAT C_AT G -
Kpnl G_GTACC -
Mcrl CG_RY*CG BsaOl, Bsh12851, BsiEl, BstMCI
Nlalll _CATG" Hinlll, Hsp9211
NIi38771 C_YCGR"G -
Nspl R_CATG'Y BstNSL NspHI, PauAl, PunAlL, Xcel
Psp03I G_GWCAC -
Pss1 RG_GNCCY Kaz48k1
Ajol, AliAJL, Apil, Asp7131, Bsp631, BspBI, BsuBI, Cfll,
PsAA C_TGCA"G CfrA4l, Cfull, Cstl, Eci37KI, Ecl2z], Halll, MhaAl, PaeP]l,
PfI211, Psp231, SalPl, Sfll, Yenl '
Pyl CG_ATACG ﬁ{ﬁ%l}/lﬁ, Ié];ﬁ g{l(l)I;HBspCI, EagBI, ErhB9I, Mvrl, Nbll, Ple191
Sacl G_AGCTI"C Psp124B], Ssfl
Cfi421, Cscl, Eaed6l, Eco29k], Gall, Geel, GeeGLIL, Kpn378I,
Sacll CC_GC GG Kspl, NgoAlll, NgoPIIl, PaeAl, PaeQl, PaeSkl, Pael4kl,
SchZl, SenPT14bl, SexBL, SexCl, Sf#3031, SgrBl, Spul, Sstll
Sdul G_DGCH"C Aocll, Bmyl, BsoCl, Bsp12861, BspLS21, Mhil, NspIl
Sgfl GCG_AT"CGC AsiSI
Sphl G_CATG"C Bbul, Pael, PfaAlll, RspLXJ, SpaHI
Sse83871 CC_TGCA"GG Sbfl, Sdal
Tail _ACGT» Tscl, Tsp491
Taul G_CSGrC -
TspACI AC_N~GT BstACI, HpyCH4III, Taal

In the preferred embodiment shown in Figure 1, an aminopropanol moiety is at the 3’ end

of the PRL. This group can be used to covalently attach DNA oligonucleotides to glass surfaces
and form arrays [23]. A biotin moiety is bound to the 5° end of the PRL (Figure 1). Biotin and

streptavidin have a strong affinity for each other and are routinely used as stable linking agents.

Bioluminescent enzymes can be conjugated to streptavidin. When streptavidin-enzyme conjugate

and biotin-labeled PRLs are incubated together, the bioluminescent enzyme becomes attached to
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the PRLs. Polythymine nucleotide spacers are located at the ends of the PRL (Figure 1). The
number of thymine nucleotides in these spacers can be adjusted to decrease steric hindrances of
restriction enzyme activity. Other organic moieties, such as alkane chains, could be used as
spacers.

This embodiment demonstrates the utility of this invention for determining the presence or

-absence of specific RNA or DNA sequences (Figure 2). The invention will result in a product that

could be supplied as an array of bound, bioluminescently-labeled PRLs. Each PRL would have a
stem structure where two complementary regions of the same molecule hybridize. The array will
have the streptavidin-bioluminescent enzyme conjugate attached to the PRLs. DNA and/or RNA
will be purified by a clinician according to standard methods, which are available in several
nucleic acid purification kits. The purified nucleic acids may be sheared into smaller pieces
suitable for hybridization and incubated in a buffered solution with the PRL array for
hybridization to occur. The temperature and conditions of the hybridization step will be
determined by the stability of the possible individual hybrids in the PRL array. A temperature that
reduces non-specific binding of target sequences that are not completely complementary to the
array loop sequences can be determined for each array of PRLs. After hybridization occurs, the
array will be washed and restriction enzyme buffer and restriction enzyme will be added. During
incubation with the restriction enzyme solution, the PRLs that are in a hairpin configuration will
be cut inside the stem sequence. This cleavage will leave only a few hydrogen bonds holding the
label to the surface. The bonds will be unstable and break at room temperature, releasing the label
from the bound end of PRL. The array will then be washed again to remove the unbound labels
and restriction enzyme. The remaining bound bioluminescent enzyme labels will be detected by
incubating the array with the appropriate substrate solution and measuring photon production.
Photon production at a probe site signifies that the sequence within the loop portion of the probe is
complementary to a sequence in the target DNA or RNA. Lack of photon production at a PRL
sight indicates the absence of a sequence in the target DNA or RNA that is complementary to the
probe’s loop sequence.

The simplicity and speed of this assay should allow routine use in areas where a parallel
genetic test would be advantageous but is often too difficult or time-consuming. Examples of uses

include genetic screening for human inherited diseases, determining identity or parentage,
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identifying pathogens and their antibiotic resistance capabilities, and screening foods or materials
for contaminating organisms and viruses.

Other embodiments would include other labels, such as radioisotopic, isotopic, enzymatic,
chromogenic, fluorescent, chemiluminescent, or primary and secondary antibodies that are either
attached to the PRL during synthesis or added in a later step (before or after hybridization or
restriction digestion have occurred). Many new methods for labeling, such as multiple labels,
fluorescent beads, and microparticles, are currently being developed and may be used with PRLs
in the future [24].

The PRLs can be attached to glass or silicon surfaces according to several other methods
[25]. PRLs can also be attached to gold or other metal surfaces via sulthydryl moieties and to

microtiter wells via a biotin-streptavidin linkage [26].

Labels and immobilization moieties can be located anywhere along the length of the PRL,
including the loop sequence region, providing that their location does not interfere with
hybridization and that the restriction site lies between the surface-attachment site and the position
of the label.

The PRL may have different types of spacers or multiple spacers for the purpose of raising
the PRL above the surface; to reduce steric hindrances during the hybridization, washing,
restriction enzyme digestion; etc. In addition, oligonucleotides can be constructed for use as

controls that always remain or are always removed from the surface during the assay.
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CLATIMS

We claim:

1. A nucleic acid probe for detecting hybridization of unlabeled nucleic acid comprising :
an oligonucleotide having

(a) a surface-coupling group,

(b) a first sequence called the “loop sequence” that is complementary to a target nucleic
acid sequence;

(c) a second and a third sequence, located on opposite ends of the loop sequence which can
hybridize to each other in the absence of the target nucleic acid sequence to form what is called a
“stem structure,” wherein said stem structure contains a restriction enzyme cleavage site that is not
present in the loop sequence (b) when hybridized to the target nucleic acid sequence; and

(d) a label located on the opposite side of the restriction site from the surface-coupling
group such that cleavage by restriction enzyme specific for the restriction site of the stem
sequences detaches the label from the surface;
wherein said loop sequence makes up all, or part, of the nucleotides between the complementary
sequences, and wherein hybridization of the fully complementary target nucleic acid to the loop
sequence breaks the intramolecular hybridization bonds of the stem structure and removes the

restriction site.

2. The nucleic acid probe of claim 1, wherein the label is a bioluminescent,

chemiluminescent, radioisotopic, isotopic, enzymatic, chromogenic, fluorescent or antibody label.
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3. The nucleic acid probe of claim 2, wherein the bioluminescent label is luciferase,

aequorin, alkaline phosphatase, horseradish peroxidase or f§ galactosidase.

4. The nucleic acid probe of claim 2, wherein the chemiluminescent label is acridinium.

5. The nucleic acid probe of claim 1, wherein the restriction enzyme recognition site is 4 to

8 nucleic acid bases in length.

6. The nucleic acid probe of claim 1, wherein the restriction enzyme site is specifically
cleaved by a restriction enzyme selected from the group comsisting of Aaal, Aatl, Aafll, Abel,
Abrl, Accl6l, Acc651, AccBll, AceB2I, AccBSI, AccEBIL, Accl, Accll, Acclll, Acel, Acell, Acil,
Acpl, Acrll, Acyl, Aeul, Afal6RI, Afa22MI, Afal, Afel, Afll, AfllIL, Agel, AhaB81, Ahal, Ahall,
Ahyl, Aitl, Ajol, ALIAJY, ALT, Alul, Alw211, Alw44l, Ama871, Aocl, Aocll, Aor13HI, Aor51HI,
Aorl, Aosl, Aosll, ApaCl, Apal, Apall, ApaORIl, Apil, Apyl, Aqul, Ascl, Asell, AsiAl, Asil
BceT7511, AsiSl, Aspl10HI, Asp7131, Asp7181, Asp7451, AspAl, AspHI, AspLEl, AspMDI, AspM],
AspNI, AspS9I, AstWI, AsuC21, Asul, Asull, Asulll, AsuNHI, Aval, Avall, Avcl, Avill, AvrBII,
Avrll, Axyl, Bac36l, Bal2281, Ball, BamHI, BamNxl, Banl, Banll, BavAl, BavAll, BavBl, BavBII,
Bavl, Bbel, Bbi241, Bbill, BbrPl, Bbul, Bbv121, BbvAlll, BbvBI, BbvCl, Bca7l7l, Bce22l, Bce243],
BceBI, BciBll, Benl, Beoll8l, Bco271, BcoAl, Beol, BcuAl, BdiSl, BecAll, Bepl, Betl, Bfal,
Bfi57T1, Bfi891, Bfml, Bim191, Bim1911, Biml, BiHK1, Binl, BloHl, Bipl, Blul, Bme121, Bme1390L,
Bmel421, Bmel81, Bme216l, Bme3611, Bmyl, Bnal, BpulOl, Bpu1102I, Bpul4l, Bpu951, BpuBSI,
BpuDl, Bpul, BsaAl, BsaHl, Bsall, BsaOl, BsaWI1, BscBI, BscFl, Bsell8l, Bsel5I, Bsel6l,

BselTl, Bsell, Bsell, Bse2ll, Bse241, Bse6341, Bse64l, BseAl, BseBl, BseDl, BseGI, BseGl,
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BseNI, BseNl, BsePl, BseQl, BseSI, BseT10l, BseT91, BseX31, Bsh1236], Bsh1285]1, Bsh45],
BshF1, BshGl, Bshl, BshKI, BshNI, BshTI, BsiCl, BsiEl, BsiHKAI, Bsil, BsiK1, Bsil.l, BsiMI,
BsiSI, BsiWI, BsiZl, BsmSl, BsoBI, BsoCl, BsoFl, Bspl051, Bspl19l, Bspl120l, Bsp123],
Bsp1286l, Bspl31, Bspl431, Bspl43Il, Bspl53Al, Bspl17201, Bspl894l, Bspl9l, Bsp2095I,
Bsp2111, Bsp40091, Bsp501, Bsp5191, Bsp63L, Bsp671, Bsp68l, Bsp6l, Bsp98l, BspA2l, BspAAl,
BspAAIIl, BspAl, BspBI, BspBIl, BspBR1, BspCl, BspEl, BspF41, BspF1 Bspll, BspKI, BspKT6I,
BspLAI, BspLAll, BspLl, BspLS2I, BspM39], BspMII, BspMKI, BspNI, BspO4l, BspR71, BspRI,
BspT1041, BspT1071, BsrAl, BsrBI, BsrF1, Bsrl, Bsrl, BsrSI, BsrSl, BssAl, BssECI, BssHI,
BssHII, BssKI, BssSI, BssT1I, Bst1001, Bst111, Bst111, Bst1l, Bst2BI, Bst2l, Bst2UI, Bst31NI,
Bst381, Bstd01, BstdCl, BstACl, BstB7SI, BstBAI, BstBI, BstBZ1531, BstD1021, BstDEI, BstDSI,
BstEll, BstENII, BstF5], BstF51, BstFNI, BstH2I, BstHHI, BstHZ551, Bstl, Bst1Z3011, BsfM6I,
BstMCI, BstMZ6111, BsiNI, BstNSIL, BstOL, BstPl, BstSFI, BstSI, BstT101, BstT9l, BstUI, BstV],
BstX2l, BstXI, BstY1, BstZl, Bsul5321, Bsul8541, Bsu231, Bsu36l, Bsu541, BsuBl, BsuFl, BsuRl,
Btel, Btgl, BthAl, BthDI, BthEl, Btkl, Btkll, Btrl, Btsl, BvuBI, Bvul, Cac81, Cacl, CauB3l, Caul,
Caull, Cbil, Cbol, Cbrl, CciNI, Cceol, Ccrl, Ccul, Ceyl, Cell, Celll, CfIl, Cfol, Cfr10l, Cfr13l,
Cfrd21, Cfr6l, Cfi9l, CfrA4l, CfrBl, Cf¥l, CfiJal, Cfull, Chal, CIfl, Cpfl, Cpol, Cscl, CspA5],
Csp68KI, Csp68KII, Csp68KVI, Csp6l, CspAl, CspBI, Cspl, CspKVI, Cstl, Cthll, CviAl, CviAll,
CviBI, CviJl, CviQI, CvIR], CviRIl, CviTl, Cvnl, Ddel, Dmal, Dpnll, Drall, Dsal, Dsall, Dsalll,
DsalV, DsaV, Eaed6l, EaeAl, Eael, EagBl, Eagl, EagMI, Ecal, Eci125], Ecil, Ecli13611, Ecl18k],
Eci2z], Ecl37kl, EcIRI, EcIXI, Ecol30l, Ecol37kl, Ecol3kl, Ecol47l, Ecol18311, Eco21KI,
Eco24], EcoTKl, Eco29kl, Ecod7l, Ecod7lll, Eco521, EcoS3kl, Eco56l, Eco64l, Eco72],
Eco75K]1, EcoT8l, Eco81l, Eco881, Eco911, EcoHI, EcoHK311, EcolCRI, EcoO1091, EcoO128I,

Eco0651, EcoRll, EcoT141, EcoT381, Egel, Ehel, ErhB9l, ErhBOll, Erhl, Erpl, Espl, FauBII,
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Fbll, Fbrl, Fdil, Fdill, Fgol, Fmul, FnudHl, FrnuAl, FnuCl, FnuDI, FrnuDIl, FnuDIIl, FrnuEl,
FriOl, Fsel, Fspl16041, FspAHI, Fspl, Fspll, FspMSI, Fssl, Funl, Gall, GceGLI, Gcel, Gdil,
Gdill, Hacl, Hael, Haell, Haelll, Halll, Hapll, HgiAl, HgiBI, HgiCI, HgiCll, HgiCIll, HgiD],
HgiDIl, HgiEl, HgiGl, HgiH1, HgiHll, HgiHI, Hgil, HgiJl, Hgilll, HgiS221, Hhal, Hhall, Hinll,
Hinlll, Hin2l, Hin6l, Hincll, Hindll, Hinfl, HinJCI, HinP1l, Hpall, Hpyl178IlI, Hpy188I,
Hpyl1881Il, Hpy511, HpyS8I, Hpy991, HpyBI, HpyBIl, HpyCH4l, HpyCHAIIl, HpyCHA4IV,
HpyCHAV, Hsol, Hsp921, Hsp92I1, HspAl, Ital, Kasl, Kaz48kI, KoxIl, Kpn2l, Kpn2kI, Kpn378I,
Kpnd9K1l, Kpnl, Kspl, Kz0491, Kzo91, LiaAl, LlaBI, Lmu60I, Lpnl, Lspl, Mabl, Mael, Maell,
Maelll, MaeK811, MaeK811I, Mavl, Mbil, Mbol, MchAl, MchAll, Mchl, Mcrl, MfIl, MfoAl,
Mgl144811, Mgol, MhaAl, Mhil, MkrAl, MlaAl, Mial, MisI, MIfl, MIu231, Miu311, MuB21, Miul,
MIuNI, Mily1131, Mnol, Mrol, MroNI, Mscl, Msp171, Msp671, MspAll, MspB4l, Mspl, MspRII,
MspV2811, MspYI, Mstl, Mstll, MthZ1, Mval, Mvnl, Mvrl, Mxal, Nael, Narl, Nbll, Ncil, Ncol,
Ndal, Ndell, NgoAlll, NgoAIV, NgoMIV, NgoPIl, NgoPIll, Nhel, Niall, Nlalll, NlalV, NIi38771,
NmeCl, NmeRI, NmuCI, Nopl, Nofl, Nphl, Nrul, Nsbl, Nsp29132I1, Nsp71211, NspBII, NspHI,
Nspl, Nspll, NspIll, NspIV, NspLKI1, NspSAI, NspSAIl, NspSAIV, NspV, Nunll, OkrAl, OxaNI,
Pac251, Paeldk], Pael7Kl, Pae5Kkl, PaeAl, PaeBl, PaecHI, Pael, PaePl, PaeQl, PaeR7l, Pall,
Pam], Pamll, Panl, PauAl, Paul, Pdel2l, Pdel33l, Pdel371, Pdil, PfaAl, PfaAlll, Pfi21],
PfI2311, PfI271, Pfi81, PfIKI, PinAl, PinBIl, PlaAl, PlaAll, Plal, Plall, Ple191 Psul61l, PmaCl],
Pme55], Pmil, PpaAl, PpaAll, Ppel, PpuAl, PpuMI, PpuXI, Psp031, Psp124BI, Psp231, PspS5ll,
PspAl, PspAll, PspEl, PspGI, PspLl, PspN4l, PspOMI, PspPl, PspPPl, Pssl, Pstl, PstNHI,
PsuAl, Psul, Ptal, PunAl, PunAll, Pvu84Il, Pvul, Pvull, RalF40l, RfIF1, Rmal, Rsal, Rsh],
RspLXI, RspLKII, Rsr2I, Rsrll, Rtr631, Retrl, Sacl, Sacll, SacNI, Sall, SalPl, SanDI, Sarl, Satl,

Sau32391, Sau3Al, Sau96l, SauBMKI, SauHPI, Saul, SaulLPl, Saul.PIl, SauMI, SauNI, SauS],
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Sbfl, Sbi681, Sbol31, Shbvl, Scelll, SchZl, Scil, SciNI, ScrFl, Sdal, Sdul, Secl, Sell, SenPT14bl,
SenPT16l, SexAl, SexBI, SexCl, Sfal, Sfcl, Sfel, SfII, Sfol, Sfi2741, Sfr3031, Sful, Sgfl, SgrAl,
SgrBI, Siml, Sinl, Slal, Slel, Slul7771, Smal, Smil, SmuEl, Snil, Snol, Sol101791, Soll, SpaH]l,
) Sphl, Spll, Spol, Spul, Srfl, Sril, Sru30DI, SscL1I, Ssel825I, Sse232I, Sse83871, SseAl, SseBl,
SshAl, SslI, Ssoll, Sspll, Ssp5230L, SspAl, Sspl, SspRFI, Sst, Ssfl, Stel, Sth1171, Sth134l,
Sth3681, Sthl, Strl, Stul, StyD4I, Styl, Sual, Sunl, Surl, Svil, Taal, Tail, Taq521, Taql, TagXI,
Taul, Thal, Thl, Tru2011, Tscl, Tsel, Tspll, Tspll, Tsp321, Tsp3211, Tsp4SI, Tsp49l, Tsp4Cl,
TspBl, TthHB8I, Unbl, Uur960l, Vnel, VpaK11Al, VpaK11BI, Xcel, Xcil, Xcyl, Xhol, Xholl,

XmaCl, Xmal, Xmalll, Xmall, Xmil, Xorll, Xpal, Xspl, Yenl, and Zan].

7. The nucleic acid probe of claim 1, wherein the surface coupling group is a covalent

coupling group.

8. The nucleic acid probe of claim 1, wherein the label is attached to the oligonucleotide

through a biotin-steptavidin coupling.

9. The nucleic acid probe of claim 1, wherein the oligonucleotide contains spacer groups at

either or both ends.

10. The nucleic acid probe of claim 9, wherein the spacer groups are polythymine spacers.

11. The nucleic acid probe of claim 7, wherein the covalent surface coupling group is an

aminopropanol moiety.
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12. The nucleic acid probe of claim 7, wherein the oligonucleotide is attached to a surface

with the covalent coupling group.

13. The nucleic acid probe of claim 12, wherein the surface is a glass, silicon, gold, metal

or plastic surface.

14. The nucleotide probe of claim 1, wherein the loop sequence is 16 to 25 nucleotides in

length.

15. A method of determining the presence of a target nucleic acid comprising:

exposing a sample to a nucleic acid probe of claim 1 under effective conditions for specific
hybridization of the target nucleic acid to the nucleic acid probe;

adding restriction enzyme specific for the restriction site contained in the stem structure
and under conditions to cleave the nucleic acid probe with the restriction enzyme;

determining the presence of the target nucleic acid, wherein the presence or amount of

label is indicative of the presence of target nucleic acid.
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Seqence A Sequence B

"PRL arrays are supplied with
bioluminescent labels attached.
The bioluminescent enzyme is
shown as a star,

Target DNA or RNA is
extracted, sheared and allowed
to hybridize to the array.
Unhybridized target molecules
are then washed away.

No hybridization

A restriction enzyme is applied,
cutting the probes that are not
hybridized to target DNA or RNA.

Not cut

The array is incubated ata

temperature high enough to

dissociate the remaining stem

hydrogen bonds and the unbound

labels are washed away. /

Fragment removed No effect

When substrate is added, light
is emitted only at sites where

hybridization to target DNA or
RNA occurred. /
No light Light emitted
Negative Positive

Figure 2.
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