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METHODS AND COMPOSITIONS FOR 
MODULATING MELTING TEMPERATURES OF 

NUCLEIC ACIDS 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of priority under 
35 U.S.C. 119(e) to co-pending US. Provisional Application 
No(s). 60/052,845, ?led Jul. 17, 1997, the contents of which 
is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] The growing demand for sequencing of unknown 
nucleic acid sequences has spurred the demand for rapid, 
inexpensive methods of sequencing large amounts of DNA. 
For example, the Human Genome Initiative will require the 
sequencing of about 4 billion base pairs of DNA. However, 
it is possible that current sequencing methodologies, such as 
Sanger or Maxam-Gilbert sequencing, are not capable of 
high enough throughput to allow a project of this magnitude 
to be completed in a reasonable time. 

[0003] The attention of many researchers has turned to 
sequencing methods which process sequences in parallel, 
rather than the serial sequencing methods described above. 
The promise of parallel “sequencing by hybridization” 
(SBH) methods is that large amounts of information can 
potentially be obtained rapidly, in a single experiment. SBH 
involves the use of multiple probes disposed in an array 
format to bind to a sample of a target nucleic acid which has 
been cleaved into smaller fragments. Presently, however, 
SBH has been attempted on only small DNA targets and 
with small probe arrays. 

[0004] Certain problems have arisen in attempts to imple 
ment SBH schemes. One serious dif?culty is the need to 
correctly discriminate between target fragments that are 
perfectly matched to a probe sequence, and target fragments 
that are bound to a probe sequence despite one or more 
mismatched bases. This “mismatch discrimination” problem 
presents the possibility of misidenti?cation of sequences. 
The problem is especially acute when attempting to differ 
entiate between sequences which bind with signi?cantly 
different binding energies. For example, in general, AT-rich 
sequences bind less strongly to their complementary probes 
than do GC-rich sequences, of the same length, to their 
respective complementary probes. Thus, it can be dif?cult to 
distinguish between perfectly-bound AT-rich sequences and 
partially mismatched GC-rich sequences. In view of these 
dif?culties, hybridiZation of mismatched sequences is unde 
sirable, as it makes the unambiguous determination of the 
target sequence harder to achieve. 

SUMMARY OF THE INVENTION 

[0005] This invention features methods of normaliZing the 
melting temperatures of a plurality of nucleic acid duplexes. 

[0006] In one aspect, the invention provides a method of 
normaliZing the melting temperatures of at least two nucleic 
acid duplexes. The method includes the steps of contacting 
the at least two nucleic acid duplexes with a reaction mixture 
comprising a nucleic acid binding ligand which preferen 
tially binds to one of the at least two nucleic acid duplexes; 
such that the melting temperatures of the at least two nucleic 
acid duplexes are normaliZed. In a preferred embodiment, a 
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plurality of nucleic acid duplexes are provided in an array, 
e.g., a 96 well microtiter plate or a high density nucleic acid 
array, e.g., “gene chip”, such that modulating the stability of 
at least one of the nucleic acid duplexes in the array is 
effected by forming a reaction mixture comprising the 
plurality of nucleic acid duplexes and at least one base 
preferring nucleic acid binding ligand. 

[0007] In preferred embodiments, the nucleic acid binding 
ligand is a duplex-binding ligand. In preferred embodiments, 
the duplex-binding ligand is distamycin. In preferred 
embodiments, the reaction mixture comprises at least two 
nucleic acid binding ligands, and wherein each of the at least 
two nucleic acid binding ligands independently binds pref 
erentially to one of the at least two nucleic acid duplexes. In 
preferred embodiments, the reaction mixture comprises at 
least two duplex-binding ligands. In preferred embodiments, 
at least one of the at least two nucleic acid binding ligands 
is a single-strand-binding ligand. In certain embodiments, 
the reaction mixture further comprises at least one nonspe 
ci?c nucleic acid binding ligand. In certain embodiments, 
the reaction mixture further comprises a duplex denaturant, 
such as, e.g., urea. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIGS. 1A-1D show theoretical melting curves of a 
random mixture of nucleic acid duplexes in the presence of 
various nucleic acid binding ligands. 

[0009] FIG. 2A shows experimental melting curves of a 
DNA hairpin duplex in the absence and presence of Dista 
mycin A. FIG. 2B plots the derivative of the curve in FIG. 
2A. 

[0010] FIG. 3A shows experimental melting curves of a 
DNA hairpin duplex in the absence and presence of ethidium 
bromide. FIG. 3B plots the derivative of the curves in FIG. 
3A. 

[0011] FIG. 4A shows experimental melting curves of a 
DNA hairpin duplex in the absence and presence of Dista 
mycin A and urea. FIG. 4B plots the derivative of the curves 
in FIG. 4A. 

[0012] FIG. 5A shows experimental melting curves of a 
DNA hairpin duplex in the absence and presence of ethidium 
bromide, Distamycin A, and urea. FIG. 5B plots the deriva 
tive of the curves in FIG. 5A. 

[0013] FIG. 6 shows the chemical structures of certain 
duplex binding ligands. 
[0014] FIG. 7 shows the results of titration of the hairpin/ 
target sets with various duplex binding ligands as shown in 
Example 5. 

[0015] FIG. 8 shows the effect of polypeptides on hybrid 
iZation as set forth in Example 5. 

[0016] FIG. 9 shows the effect of distamycin A on the 
association rates of the three sets of target/hairpin molecules, 
as set forth in Example 6. 

[0017] FIG. 10 shows the effect of berenil on the asso 
ciation rates of two sets of target/hairpin molecules, as set 
forth in Example 6. 

[0018] FIG. 11 shows the effect of bisbenZamide on the 
association rates of the three sets of target/hairpin molecules, 
as set forth in Example 6. 
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[0019] FIG. 12 shows results of titration of the hairpin/ 
target sets With various duplex denaturants, as shown in 
Example 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The methods and compositions of the invention 
allow the melting temperatures of a plurality of nucleic acid 
duplexes to be normalized. By normalizing the melting 
temperatures of duplexes, the sequence-dependent differ 
ences in binding to a probe are eliminated. Thus, the 
invention provides methods and compositions suitable for 
improved SBH experiments. 

[0021] The term “melting temperature”, denoted “Tm”, as 
used herein, refers to the midpoint of the duplex-to-single 
strand melting transition of a duplex nucleic acid. The Tm of 
a duplex can be measured by methods Well knoWn in the art, 
some of Which are described infra. 

[0022] The term “normalizing”, as used herein, means the 
process of causing the Tms of a plurality of duplexes to 
approach a common temperature. In other Words, the Tms of 
a plurality of duplexes are said to be “normalized” if the Tms 
of the “normalized” duplexes are more nearly the same, in 
relative or absolute terms, than the Tms of the same duplexes 
Which have not been normalized. “Modulating” the Tms of 
tWo or more duplexes, as used herein, refers to increasing or 
decreasing the absolute or relative difference in the melting 
temperature betWeen at least tWo duplexes. 

[0023] The term “duplex denaturant”, as used herein, 
refers to an agent that, at some concentration, can cause the 
denaturation, e.g., the dissociation, of nucleic acid duplexes, 
either in sequence-speci?c, base-preferring or non-se 
quence-speci?c contexts. Duplex denaturants include any 
chemical agent that, under suitable conditions, can alter the 
duplex-single strand equilibrium so as to favor single strand 
formation and disfavor duplex formation. Increased tem 
perature (heating) can be used instead of a (chemical) duplex 
denaturant, although this is not preferred. In preferred 
embodiments, a duplex denaturant is a chemical or bio 
chemical reagent. Exemplary duplex denaturants include 
enzymes and proteins such as single-strand binding protein 
(e.g., from E. coli), the G-5 protein, the gene 32 protein, Rec 
A, poly(lysine-phenylalanine), poly(arginine), and heli 
cases, as Well as chemical denaturants such as urea or 

formamide. Duplex denaturants can be identi?ed by mea 
suring the Tm of a duplex in the presence and the absence 
of a suspected duplex denaturant; a duplex denaturant at 
some concentration Will loWer the Tm of the duplex. Pre 
ferred duplex denaturants do not have an adverse effect on 
other components of a reaction mixture, When used in 
amounts suf?cient to destabilize at least one duplex. For 
example, a duplex denaturant should not inhibit the activity 
of enzymes, such as polymerase or ligase, if activity of such 
enzymes is desired. 

[0024] The term “duplex-binding ligand” as used herein, 
refers to a reagent Which “prefers” binding to duplex nucleic 
acid substrates rather than single stranded nucleic acids; that 
is, a duplex-binding ligand binds to a duplex nucleic acid 
With a greater binding energy than the energy With Which the 
ligand binds to either of the single-strands Which make up 
the duplex. In preferred embodiments, a duplex binding 
ligand is a chemical or biochemical reagent. Exemplary 
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duplex-binding ligands include enzymes such as poly 
merases, ligases, and the like; intercalators; drugs such as 
Berenil (diminazine aceturate), bis-benzamide, ethidium 
bromide, actinomycin D and distamycin A; and the like. 
Duplex-binding ligands can be identi?ed by measuring the 
Tm of a duplex in the presence and the absence of a 
suspected duplex-binding ligand; a duplex-binding ligand at 
some concentration Will raise the Tm of the duplex. Pre 
ferred duplex-binding ligands do not have an adverse effect 
on other components of a reaction mixture, When used in 
amounts suf?cient to stabilize at least one duplex. For 
example, in preferred embodiments, a duplex-binding ligand 
should not inhibit the activity of enzymes, such as poly 
merase or ligase, if activity of such enzymes is desired. 

[0025] The term “base-preferring binding ligand”, as used 
herein, refers to a nucleic acid binding ligand that prefer 
entially binds to nucleic acid sequences (or duplexes) in 
Which one or more speci?ed bases predominate. Thus, for 
example, a nucleic acid binding ligand that preferentially 
binds to sequences rich in Aor T is a base-preferring binding 
ligand (also referred to as an “AT-binding ligand”). A 
“base-preferring binding ligand” can be, but need not be, a 
sequence-speci?c binding ligand (Which is a ligand that 
preferentially binds to a particular sequence or sequences), 
nor is a sequence-speci?c binding ligand necessarily a 
base-preferring binding ligand, although it can be. For 
example, a ligand that preferentially binds to a sequence 
motif of AGCT is sequence speci?c (for the sequence 
AGCT), but is not base-preferring because the base com 
position in the sequence is evenly distributed among A, G, 
C and T. 

[0026] The term “nonspeci?c binding ligand”, as used 
herein, refers to a nucleic acid binding ligand that does not 
substantially preferentially bind to nucleic acid sequences in 
Which one or more speci?ed bases predominate. That is, a 
“nonspeci?c binding ligand” binds to all, or a large variety 
of, bases or sequences approximately equally Well. 

[0027] The term “modulating the stability” of nucleic acid 
duplexes, as used herein, refers to the process of changing 
the stability (either increasing or decreasing) of at least one 
duplex in a mixture of a plurality of duplexes. 

[0028] The term “nucleic acid strand”, as used herein, 
refers to a strand of DNA or RNA, or a mixed DNA-RNA 
strand, or nucleic acid-like compounds such as peptide 
nucleic acids. A nucleic acid strand can also include modi 
?ed (e.g., chemically or biochemically modi?ed) DNA or 
RNA bases, of Which many are knoWn in the art. 

[0029] As used herein, the term “AT-rich” means a 
sequence (e.g., all or part of a strand or duplex) in Which 
greater than 50% of the nucleic acid bases are A or T. 
Furthermore, for purposes of the invention, When RNA or 
chimeric RNA-DNA sequences are used, it Will be under 
stood that references to thymidine (T) can also apply to 
uridine (U), unless indicated otherWise. Similarly, the term 
“GC-rich” means a sequence (e.g., all or part of a strand or 
duplex) in Which greater than 50% of the nucleic acid bases 
are G or C. 

[0030] The term “target nucleic acid sequence” or “target 
strand” refers to a nucleic acid sequence Which is to be 
detected, sequenced, immobilized, or manipulated. The tar 
get nucleic acid sequence can be any nucleic acid strand, as 
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de?ned above, and in general Will be single-stranded or Will 
be made single-stranded by methods known in the art. The 
target nucleic acid sequence can be obtained from various 
sources including plasmids, viruses, bacteria, fungi, yeast, 
plants, and animals, including humans; or the target nucleic 
acid sequence can be obtained from non-natural sources. 
The target nucleic acid sequence can be obtained from 
various organisms or tissues, including ?uids such as blood, 
semen, urine and the like. The target nucleic acid sequence 
is preferably extracted or puri?ed to remove or reduce 
contaminating or interfering materials such as proteins or 
cellular debris. Procedures for such puri?cation or extraction 
of target nucleic acids sequences are knoWn in the art, 
including, for example, those described in Maniatis et al., 
“Molecular Cloning: A Laboratory Manual”, Cold Spring 
Harbor Laboratory (1989), or in Bell et al., Proc. Nat. Acad. 
Sci. USA (1981), 78:5759-5763. 

[0031] The compositions and methods of the invention 
generally feature the use of at least one base-preferring 
binding ligand (or, in some cases, sequence-speci?c ligand) 
to modulate or normaliZe the stability (or melting tempera 
ture) or at least one nucleic acid duplex. The methods and 
compositions of the invention can also include one or more 
additional binding ligands, Which can be base-preferring or 
sequence-speci?c ligands, or non-speci?c ligands, and can 
bind duplexes or single strands. The choice of appropriate 
ligands Will be routine to the skilled artisan in light of the 
teachings herein, as explained in more detail beloW. 

[0032] Ligands suitable for use in the present invention are 
capable, in general, of binding to nucleic acid single strands 
and/or duplexes. In general, it is necessary to provide at least 
one base-preferring ligand in the reaction mixtures of the 
invention. 

[0033] A variety of base-preferring ligands have been 
described. For example, the duplex-binding ligand Dista 
mycin A has been reported to bind preferentially to AT-rich 
sequences. Other base-preferring duplex-binding ligands 
include certain restriction enZymes, drugs such as actino 
mycin D (Which has a primary binding site of 5‘-GC-3‘, and 
a secondary preference for GT sites), and intercalators such 
as ethidium bromide (as described beloW). 

[0034] Similarly, base-preferring single strand-binding 
ligands can be employed in the invention. 

[0035] Base-preferring binding ligands can be identi?ed 
by methods knoWn in the art. For example, the effect of a 
ligand on the Tm of test sequences can be used to determine 
Whether the ligand is a base-preferring binding ligand. For 
example, an AT-rich duplex can be melted in the absence and 
presence of a candidate ligand, and a GC-rich duplex 
similarly melted in the absence and presence of the candi 
date ligand. A base-preferring duplex-binding ligand that 
preferentially binds to AT-rich sequences (an “AT-duplex 
binding ligand”) can, at some concentration of the binding 
ligand, raise the Tm of the AT-rich duplex more than the 
GC-rich duplex. A duplex-binding ligand that preferentially 
binds to GC-rich sequences (a “GC-duplex binding ligand”) 
can, at some concentration of the binding ligand, raise the 
Tm of the GC-rich sequence more than the AT-rich 
sequence. Similarly, a single strand-binding ligand that 
preferentially binds to AT-rich strands (a “AT-single strand 
binding ligand”) can, at some concentration of the binding 
ligand, loWer the Tm of an AT-rich duplex more than the Tm 
of a GC-rich duplex. 
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[0036] In preferred embodiments, a base-preferring bind 
ing ligand binds at least n percent more strongly to a 
preferred strand or duplex than to a nonpreferred strand or 
duplex, Where n is 10, 20, 30, 50, 80, 100, or 150. For 
example, a preferred AT-duplex-binding ligand can bind at 
least n percent more strongly to an AT-rich duplex than to a 
GC-rich duplex. The relative preference of a ligand for a 
particular base or bases can be measured by techniques 
knoWn in the art. An exemplary technique for determining 
binding preference of a ligand is knoWn as “footprinting”. In 
brief, a potential base-preferring binding ligand is incubated 
With a nucleic acid strand or duplex, and the resulting 
complex is then incubated With a reagent that modi?es the 
strand or duplex only at sites Which do not bind the ligand. 
An illustrative reagent is a restriction enZyme that cleaves or 
methylates a nucleic acid strand only at sites Where no ligand 
is bound. By varying the concentration of the binding ligand 
employed in the footprinting reaction, the relative af?nity of 
the ligand for, e.g., AT-rich sequences and for GC-rich 
sequences can be determined and compared. 

[0037] Furthermore, a Wide variety of substantially non 
base-preferring ligands are knoWn, including duplex-bind 
ing ligands such as enZymes (including certain restriction 
enZymes, polymerases, ligases, and the like); drugs; non 
sequence-speci?c intercalaters; and the like. 

[0038] In general, the methods of the invention feature the 
use of reaction mixtures comprising at least one base 
preferring binding ligand. The base-preferring binding 
ligand can be either a single-strand-binding ligand or a 
duplex-binding ligand. In preferred embodiments, the base 
preferring binding ligand is an AT-duplex binding ligand. In 
other preferred embodiments, the base-preferring binding 
ligand is a GC-single strand binding ligand. 

[0039] The methods of the invention can also employ 
more than one binding ligand, provided that at least one is 
a base-preferring binding ligand. Thus, for example, a 
reaction mixture comprising a base-preferring duplex-bind 
ing ligand and a base-preferring single-strand-binding 
ligand can be employed in the methods of the invention. A 
reaction mixture comprising, for example, a base-preferring 
single-strand-binding ligand and a (nonspeci?c) duplex 
denaturant, can also be employed in the invention. 

[0040] The invention provides methods of modulating the 
stability (e.g., the Tm) of a plurality of duplexes. As shoWn 
in the Examples, infra, base-preferring binding ligands can 
be employed to either decrease or increase the differences in 
melting temperature betWeen AT-rich and GC-rich duplexes. 
Thus, methods of the invention are useful When it is desir 
able to attenuate or decrease the differences in binding 
energy betWeen disparate sequences (for example, in 
sequencing by hybridiZation experiments), or When it is 
desirable that the differences in binding energy be increased 
(for example, to increase stringency and decrease hybrid 
iZation of mismatched sequences). These techniques may be 
employed in arrays such as gene chips, for e.g., high-density 
hybridiZation Which are Within the scope of the present 
invention. 

[0041] Accordingly, the methods of the invention are 
useful in a Wide variety of nucleic acid hybridiZation experi 
ments in Which it is desirable to modulate the melting 
temperatures of a plurality of nucleic acid sequences. Illus 
trative examples of experiments in Which the methods of the 
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invention ?nd use include SBH, detection of target nucleic 
acids (e.g., assays), and the like. By Way of non-limiting 
example, one application of the invention may be Where it 
is desired to characterize and/or sequence a population of 
single-stranded DNA target sequences, e.g., 40mers, from a 
mixture. An array comprising bound capture moieties each 
having determined but differing sequences, such as 
described in US. Pat. No. 5,770,365, is provided. (The array 
may comprise, on the one hand, a microtiter plate having 96 
positions in the array, to a “gene chip” having 96,000 
positions, on the other.) Aliquots of the nucleic acid mixture 
of interest are placed in each array position so as to contact 
the capture moieties in each array under conditions favor 
able for hybridiZation, and the melting temperatures are 
normaliZed as described herein. After Washing the array to 
remove unbound or mismatched DNA (a step Which may 
include treatment With duplex denaturant as described 
herein), the bound DNA segments may be detected, 
sequenced, immobiliZed, or manipulated, etc. as knoWn in 
the art. 

[0042] In one embodiment, the invention provides a 
method for normaliZing the melting temperatures of at least 
tWo nucleic acid duplexes. The method includes the step of 
contacting the at least tWo nucleic acid duplexes With a 
reaction mixture comprising a base-preferring nucleic acid 
binding ligand; such that the melting temperatures of the at 
least tWo nucleic acid duplexes are normaliZed. In preferred 
embodiments, the base-preferring nucleic acid binding 
ligand is a duplex-binding ligand, such as distamycin. In 
certain embodiments, the reaction mixture comprises at least 
tWo base-preferring nucleic acid binding ligands, Which can 
be at least tWo duplex-binding ligands. In certain embodi 
ments, the base-preferring nucleic acid binding ligand is a 
single-strand-binding ligand. In certain embodiments, the 
reaction mixture further comprises at least one nonspeci?c 
nucleic acid binding ligand. In certain embodiments, the 
reaction mixture further comprises a duplex denaturant, for 
example, urea. 

[0043] The melting temperatures of at least tWo nucleic 
acid duplexes can be normaliZed (by a pre-selected amount) 
by addition of a sufficient amount of an appropriate binding 
ligand or ligands, as described herein. In certain preferred 
embodiments, the melting temperatures of the at least tWo 
nucleic acid duplexes are substantially completely normal 
iZed, i.e., the melting temperatures are made substantially 
equal. In other preferred embodiments, the melting tempera 
tures are adjusted so that the difference betWeen the melting 
temperatures of the duplexes after normaliZation is at least 
10%, 20%, 30%, 50%, 70%, 80%, or 90% less than the 
difference betWeen the melting temperatures of the duplexes 
prior to normaliZation according to the methods of the 
invention. 

[0044] The amount of binding ligand necessary to effect a 
desired degree of normaliZation can be determined by titra 
tion of the binding ligand or ligands into the mixture of 
duplex nucleic acids and determination of the melting tem 
peratures of the duplexes over a range of ligand concentra 
tions. It Will be appreciated that combinations of ligands can, 
in certain cases, provide greater normaliZation of melting 
temperatures than a single binding ligand alone. For 
example, addition of an AT-preferring duplex binding ligand 
Will tend to stabiliZe the formation of AT-rich duplexes, and 
raise the melting temperature of AT-rich duplexes. Addition 
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of a GC-preferring binding ligand Will tend to stabiliZe 
GC-rich single strands, Which results in destabiliZation of 
GC-rich duplexes, generally loWering the melting tempera 
ture of GC-rich duplexes. Thus, combination of an AT 
preferring duplex binding ligand With a GC-preferring 
single-strand binding ligand can result an increase in melting 
temperature of AT-rich sequences, and a decrease in the 
melting temperature of GC-rich sequences. In the common 
situation in Which an AT-rich duplex has a loWer melting 
temperature (in the absence of ligands) than a GC-rich 
duplex of the same length, the combination of an AT 
preferring duplex binding ligand With a GC-preferring 
single-strand binding ligand can normaliZe the melting tem 
peratures of GC-rich sequences and AT-rich sequences by 
acting on both types of sequence. 

[0045] In another embodiment, the invention provides a 
method for modulating the stability of a plurality of nucleic 
acid duplexes. The method includes the steps of i) providing 
a plurality of duplexes; and (ii) forming a reaction mixture 
comprising the plurality of duplexes and a base-preferring 
nucleic acid binding ligand; such that the stability of at least 
one duplex is modulated. In preferred embodiments, the 
base-preferring binding ligand is a duplex-binding ligand. In 
certain embodiments, the reaction mixture further comprises 
a single-strand-binding ligand. 

[0046] In another aspect, the invention provides a buffer 
for modulating the melting temperatures (e.g., normaliZing 
the melting temperatures) of at least one, more preferably at 
least tWo, nucleic acid duplexes. The buffer includes at least 
one base-preferring (or sequence-speci?c) nucleic acid bind 
ing ligand in an amount suf?cient to modulate the melting 
temperature of at least. In preferred embodiments, the buffer 
includes at least tWo nucleic acid binding ligands (Which can 
be base-speci?c or sequence-speci?c). The buffer can also 
include a duplex denaturant; a single-strand binding nucleic 
acid binding ligand; a duplex-binding ligand; and/or a 
nonspeci?c ligand. 
[0047] In still another aspect, the invention provides kits 
for modulating (e.g., normaliZing) the melting temperature 
of at least one, more preferably at least tWo, nucleic acid 
duplexes. The kit includes a container of a nucleic acid 
binding ligand, Which can be a base-preferring or a sequence 
speci?c binding ligand. In preferred embodiments, the kit 
includes at least tWo nucleic acid binding ligands (Which can 
be base-speci?c or sequence-speci?c). The kit can also 
include a duplex denaturant; a single-strand binding nucleic 
acid binding ligand; a duplex-binding ligand; and/or a 
nonspeci?c ligand. 
[0048] The invention is further illustrated by the folloWing 
Exempli?cation, Which should not be construed as further 
limiting the subject invention. 

EXEMPLIFICATION 

[0049] General Methods 

[0050] Partially complementary DNA hairpins Were syn 
thesiZed by standard methods on a DNA synthesiZer. The 
hairpins had the folloWing structure: 

[0051] 5‘-ACGGC CTTTC TATAG (N10) GAATT 
CGGCG TACTC GACCG GACTT TTGTC 
CGGTC GAGTA CGCCG AATTC (N30) CTATA 
GAAAG GCCGT-3‘ 












