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(57) ABSTRACT 
This invention relates to using customized oligonucleotide 
microchips as biosensors for the detection and identi?cation 
of nucleic acids speci?c for different genes, organisms 
and/or individuals in the environment, in food and in bio 
logical samples. The microchips are designed to convert 
multiple bits of genetic information into simpler patterns of 
signals that are interpreted as a unit. Because of an improved 
method of hybridizing oligonucleotides from samples to 
microchips, microchips are reusable and transportable. For 
?eld study, portable laser or bar code scanners are suitable. 
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a. IVS (N) 5 ' —TMR—CCTGGGCAGGTTGGTATCA-3 ' (SEQ ID NO:48 

IVS 1/2 T/A 

IVS I/l G/A 

IVS I/6 T/C 

IVS I/5 G/T 

b. 5 ' ~TMR-CCTGGGCAGGETGGTATCA-3 ' (SEQ ID NO:49 

c . 5 ' —TMR—CCTGGGCAGaTTGGTATCA-3 ' (SEQ ID NO:5O 

d. 5 ' *TMR—CC'I‘GGGCAGGTTGtTATCA-3 ' (SEQ ID NO:5l 

e . 5 ' —TMR*CcTGGGcAGGTTGtTATC‘Ail’s ' (SEQ ID NO:52 

f. c1325 (N) 5 ' —TMR5GTTGGTGGTGAGGCCCTGG‘3 ' (SEQ ID N0 = 53 

CD26 G/A g. 5 ' —TMR-GTTGGTGGTaAGGCCCTGG-3 ' (SEQ ID NO:54 

SEQ ID NO 55) , 

SEQ ID NO: 56) , 

SEQ ID NO: 57) , 

SEQ ID NO: 58) ; 

SEQ ID NO: 59) , 

60) , 

61 

5 ' *AGGCAACG'IG 

5 ‘ ~AGGCGACGTG 

5 ' —GGTGAACTGG 

5 ' —TAAATCTGCG 

5 ' ~AGGCAACATG 

5 ' —CAAAACCTCC 

5 ' —GCAAACACCA 

5 ' —TACACCATAA 

5 ' ~AC'TGCTCATC 

5 ' —CAATGTCTTC 

5 ' ‘CTCCTCATCT 

5 ' ~TGCCGGTCAA 

5 ' ~TTAGGACAGC 

b ' —ACACCACAAG 

5 ' —CACAATGCCT 

5‘ —CAGCAGTAGA 

5 ' *TGCGGGTCAA 

5 ' —TTAGCACAGC 
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CUSTOMIZED OLIGONUCLEOTIDE 
MICROCHIPS THAT CONVERT MULTIPLE 

GENETIC INFORMATION TO SIMPLE PATTERNS, 
ARE PORTABLE AND REUSABLE 

[0001] This application is a divisional of US. Ser. No. 
09/261,115 ?led Mar. 3, 1999 and is a continuation-in-part 
of US. patent application Ser. No. 08/780,026 ?led Dec. 23, 
1996 noW abandoned. 

[0002] The US. Government has rights to the invention 
pursuant to Contract W-32-109-ENG betWeen the US. 
Department of Energy and the University of Chicago rep 
resenting (Argonne National Laboratory). 

[0003] Anovel microchip is customiZed to ansWer speci?c 
questions and has oligonucleotides positioned on the micro 
chip so that multiple bits of information are evidenced to a 
simpler pattern. A neW method of hybridization to a micro 
chip is also presented. 

BACKGROUND OF THE INVENTION 

[0004] Differences in nucleotide and amino acid 
sequences may be exploited to analyZe environmental, food 
or biological samples. Detection and identi?cation of micro 
organisms is important for clinical purposes and for deter 
mination of contaminated food, air, Water or soil. Studies in 
environmental microbiology are often limited by the inabil 
ity to unambiguously identify and directly quantify the 
enormous diversity of natural populations. This problem is 
noW changing With increasing use of molecular techniques 
to directly measure different genetic features. (Mobarry et 
al., 1996; Stahl, 1995; Wagner et al, 1995) For example, 
DNA probes are noW commonly used to detect by hybrid 
iZation, genes encoding proteins involved in speci?c cata 
bolic functions, and to resolve different genetic populations 
in the environment. In particular, the use of group-speci?c 
DNA probes complementary to the small subunit (SSU) 16S 
rRNA has provided a comprehensive frameWork for studies 
of microbial population structure in complex systems. 
Sequencing of this subunit revolutioniZed microbial classi 
?cation and led to the discovery of archebacteria. (Woese, 
1987) A large number of the sequences for different organ 
isms has been collected. (Maidak et al., 1996) Every micro 
organism species is characteriZed by a speci?c DNA 
sequence Within a variable region of its ribosomal RNA gene 
or other genes. A highly ef?cient procedure for microorgan 
ism classi?cation and for construction of their evolutionary 
trees is based on these observations. Identi?cation of spe 
ci?c sequences in ribosomal DNA is a reliable microbial 
analysis that can be carried out by direct DNA sequencing. 
HoWever DNA sequencing is a rather complicated, expen 
sive and time consuming procedure to use for serial micro 
bial analysis on a commercial scale for environmental or 
medical applications. Consequently, neW methods are 
needed to make sequence matching commercially feasible. 

[0005] Also, methods are needed that are transportable to 
the ?eld. Anucleic acid hybridiZation is a highly speci?c and 
sensitive procedure that alloWs a speci?c sequence to be 
detected and identi?ed among other millions of sequences in 
a genome of higher organisms, or among a mixture of 
different organisms. The principle of hybridiZation is that 
sequences hybridiZe as a function of the similarity of their 
linear nucleotide sequence. The hybridiZation of DNA or 
RNA extracted from even a very complicated mixture to a 
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speci?c oligonucleotide probe has resulted in unambiguous 
identi?cation of speci?c microorganisms in an environmen 
tal sample, for example. In the course of such an analysis, 
RNA or DNA is extracted from a sample of microorganisms 
isolated from Water solutions, air or soil, immobiliZed on a 
?lter and then hybridiZed successively With several oligo 
nucleotide probes for different microorganisms. HoWever, 
for this purpose, the sample needs to be checked for the 
presence of hundreds or thousands of different oligonucle 
otides corresponding to various microorganisms Which is 
prohibitively laborious and expensive using present methods 
and yields results that must be interpreted by a computer in 
order to decipher the identi?cation. What is needed is a 
simpli?ed pattern to provide rapid ansWers to speci?c ques 
tions, e.g. are any knoWn pathogens in a Water sample? 

[0006] The scope of applications of nucleotide hybridiZa 
tion is often limited by the nature of the assays, generally 
involving the independent hybridiZation and interpretation 
of multiple environmental samples to multiple DNA probes. 
In addition, some detection assays require ampli?cation of 
the target nucleic acid, for example, via PCR. This may 
contribute to quantitative biases. Thus, there is need for 
assays that provide for greater sample through-put capacity 
and greater sensitivity, rapid read-out of results. 

[0007] Another area in Which speci?c DNA or RNA 
sequences are of interest is mutation and polymorphism 
analyses. The number of base changes discovered (muta 
tions) in different genes is groWing rapidly. These changes 
are associated With genetic diseases, With disease predispo 
sitions and cancers, With development of drug resistance in 
microorganisms, and With genetic polymorphisms. Poly 
morphisms are useful for determining the source of a 
sample, eg in forensic analyses. Polymorphisms such as in 
the HLA system are essential to predict success of tissue 
transplants. The ability to simultaneously analyZe many 
mutations in a gene in a simple, fast, and inexpensive Way 
is essential in clinical medicine and this need has stimulated 
the development of different methods for screening muta 
tions, but all have serious limitations. What is needed are 
kits that are transportable and interpretable, eg for use in 
clinics Without high technology microscopes. 

[0008] Hybridization of ?lter-immobiliZed DNA With 
allele-speci?c oligonucleotides Was suggested as a Way to 
screen for mutations. (Conner et al., 1983) HoWever, the 
number of alleles that can be assayed at one time is limited, 
the ?lters are usable only for a feW times, and there is little 
opportunity for complex analysis or easy interpretation of 
results. 

[0009] Apossible solution to large scale hybridiZation is to 
use microchips for DNA sequence hybridiZations (SHOM, 
sequencing by hybridiZation With oligonucleotides in a 
microchip) (e.g. Khrapko, 1996; Yershov, 1996). The devel 
opment of an array of hundreds or thousands of immobiliZed 
oligonucleotides, the so-called “oligonucleotide chips”, per 
mits simultaneous analysis of many mutations (for a revieW, 
see MirZabekov, 1994). Such arrays can be manufactured by 
a parallel synthesis of oligonucleotides (Southern et al., 
1992; Fodor et al., 1991; Pease et al., 1994; Matson et al., 
1995) or by chemical immobiliZation of presynthesiZed 
oligonucleotides (Khrapko et al., 1991; Lamture et al., 1994; 
Ghu et al., 1994). Glass surfaces (Southern et al., 1992; 
Fodor et al., 1991; Ghu et al., 1994), glass pores (Beattie et 
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al., 1995), polypropylene sheets (Matson et al., 1995), and 
gel pads (Khrapko et al., 1991; Yershov et al., 1996) have 
been used as solid supports for oligonucleotide immobili 
Zation. HoWever “Oligonucleotide array technology has not 
yet lived up to its promise.” Southern, 1996 p. 115. 

[0010] Some of the de?ciencies in the art are unpredict 
ability of the results, lack of knowledge of optimum condi 
tions, and failure to demonstrate accuracy and commercial 
feasibility. Moreover, analysis of the results of hybridiZation 
requires computer programs capable of assimilating and 
interpreting multiples bits of information, and high technol 
ogy microscopes. The microchips are neither portable, reus 
able, nor easily interpreted.S 

SUMMARY OF THE INVENTION 

[0011] This invention embodies applications of oligo 
nucleotide microchip technology Wherein the microchip is a 
biosensor and customiZed oligonucleotide microchips are 
designed for speci?c applications of nucleic acid hybridiZa 
tion. 

[0012] Hybridization is a process by Which, under de?ned 
reaction conditions, partially or completely complementary 
nucleic acids are alloWed to join in an antiparallel fashion to 
form speci?c and stable hydrogen bonds. 

[0013] Aspects of the invention include: 

[0014] 1. microchips designed so that multiple bits of 
genetic information are converted to a pattern, Which 
is interpreted as a unit, Wherein the appearance of the 
pattern provides ansWers to speci?c questions; this 
construction facilitates providing easily interpretable 
ansWers provided by hybridiZation patterns and 
removes some need for high technology instruments 
to interpret the results of hybridiZation; and 

[0015] 2. improved methods of hybridiZing oligo 
nucleotides in a sample to oligonucleotides on a 
customiZed microchip do not require a Washing step 
but rather measure non-equilibrium melting curves 
(temperature curves) that do not require Washing 
With a solution that removes immobilized oligo 
nucleotides from microchips; this means that micro 
chips are reusable because the oligonucleotides 
anchored Within the gel elements, do not Wash aWay, 
and are available for reuse. (Microchips With 
samples are generally kept in solution, hoWever, 
microchips can be dried and stored for many months 
before being reused.) 

[0016] The patterns exhibited after hybridiZation to a 
microchip generally are not directly related to the nature of 
the hybridiZations and are not simply converting a “yes” or 
a “no” signal, or a “positive” or “negative” signal to a binary 
outcome, nor are the patterns of the present invention 
converting a gradation of quantities to another form of 
gradation, e.g. colorimetric gradations. The deliberate orga 
niZation of the oligonucleotides on the microchips them 
selves does not transmit information; only after hybridiZa 
tion With a test nucleic acid Will the hybridiZation signal 
itself form the pattern. The pattern is then detected by a 
detection means Which can include visual interpretation 
Without the aid of additional detection instrumentation. 

[0017] By choosing ordered schemes of oligonucleotide 
positioning on the microchips, visual signals are simpli?ed 
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and enhanced, eg the letter “P” is observed if certain 
pathogenic groups are present; columns of gel elements on 
the chip that include the same oligonucleotide probes, Will 
be readily detectable as a positive linear column, if the 
matching oligonucleotides are in the test sample. The visual 
appearance may be strong enough to see With the naked eye, 
may be determined With a UPC (Universal Product Code or 
“bar code”) laser scanner, or With a laser gun. The Wave 
length of the scanner and the sensor that accepts the signal 
for a bar code must be concordant With the dye or label used 
to hybridiZe the DNA. 

[0018] Of course, aspects one and tWo do not have to be 
used together. Designs that result from converting multiple 
amounts of genetic information obtained by large numbers 
of hybridiZations of oligonucleotides to simpler, readily 
interpretable patterns, could be done on microchips con 
structed and analyZed by the methods used prior to the 
present invention. 

[0019] Similarly, the improved methods of providing 
hybridiZation results on microchips could be used on micro 
chips that are not designed to convert multiple pieces of 
genetic information into a simpler pattern. 

[0020] Other aspects of the invention include improved 
predictability, increased accuracy, and standardiZed factors 
for detection and identi?cation of nucleotide sequences. The 
improvements result from optimiZing conditions, methods 
and compositions for microchip hybridiZation. Deliberate 
ordered schemes that are designed to ansWer speci?c ques 
tions and that convert complex data to simpler patterns, are 
folloWed so that much hybridiZation information can be 
readily obtained from a single scan of a microchip to detect 
hybridiZation of immobiliZed oligonucleotides by nucleic 
acids in a sample to be investigated. Samples include air, 
Water, soil, blood, cells, tissue, tissue culture and a food. An 
aspect of the invention is that the same microchip can be 
used for hybridiZation for more than 20-30 times, Without 
any noticeable deterioration of the hybridiZation signal 
because immobiliZed oligonucleotides are not Washed out or 
stripped. CustomiZed sets of microchips are obtained for 
speci?c applications. Also, parallel hybridiZation of nucleic 
acids in a sample to many oligonucleotides on a microchip 
is possible, alloWing replication and standardiZation. For 
example, the sequence diversity of SSU rRNAs recovered 
from different microbial populations of varying abundances 
is analyZed by a single hybridiZation to a microchip. Alarge 
number of HLA alleles, are assayed by a single hybridiZation 
to a microchip. 

[0021] The invention relates a method for identifying a 
nucleotide sequence in a sample using a microchip, said 
method comprising: 

[0022] (a) providing a customiZed matrix of oligo 
nucleotides on the microchip designed to identify 
genetic sequences in the sample, Wherein an ordered 
scheme positions oligonucleotides to provide a pat 
tern to ansWer speci?c questions after hybridiZation; 

[0023] (b) hybridiZing nucleic acids extracted from 
the sample as such or after ampli?cation on said 
microchip; and 

[0024] (c) identifying the nucleotide sequences rep 
resented in said sample by analyZing the pattern of 
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the oligonucleotides Which hybridized to the 
sequences, said pattern provided by signals. 

[0025] The nucleic acids suitable for the practice of the 
invention include DNA, mRNA, 16S rRNA sequences and 
other RNA species. 

[0026] Customized oligonucleotide microchips are 
aspects of the invention. The microchip includes a gel 
matrix af?xed to a support, said matrix is formed by a 
plurality of gel pad element sites. The number of sites is 
determined by the number of oligonucleotides in the array. 
Each gel element contains one chemically immobilized 
oligonucleotide of a desired sequence, length and concen 
tration; the gel elements being separated from one another 
by hydrophobic glass spaces and the gel portions having a 
vertical height above the plane of the interstitial spaces of 
generally not more than 30 pm. In some applications, the 
same type of oligonucleotides may be immobilized to dif 
ferent gel pads to form a pattern. 

[0027] The invention relates screening nucleic acid prepa 
rations for genes, RNA transcripts or any other unique 
nucleotide sequences, for example those that encode micro 
bial 16S ribosomal RNAs. Ratios of DNA/RNA or any other 
unique nucleotide sequences speci?c for certain types of 
organisms are suitable. Multiple labeling alloWs simulta 
neous detection and quantitative comparison of different 
nucleic acid sequences that are hybridized to a microchip. 

[0028] The methods of the present invention include label 
ing the oligonucleotide sequence in said sample before 
bringing it in contact With the array. A suitable label is a 
?uorescent dye. A plurality of different dyes may be used 
concurrently. Oligonucleotides immobilized on a custom 
ized microchip include those complementary to the beta 
globin gene, sequences speci?c for Salmonella, or polymor 
phic HLA allele sequences. 

[0029] An oligonucleotide microchip for the detection and 
classi?cation of nitrifying bacteria has a customized design 
Wherein identifying labels in the cells of the microchip refer 
to oligonucleotides selected from a class of bacteria, and the 
selection is designed to ansWer speci?c questions regarding 
classi?cation. 

[0030] An embodiment of an application of the present 
invention is detecting and identifying microorganisms in 
samples obtained from the environment, eg Water, air or 
soil samples to check for pollutants; biological samples 
obtained for medical diagnosis; or food samples to check for 
contamination. Other applications include forensic testing to 
identify DNA in samples obtained for criminal investiga 
tions, and detection of chromosomal fragments, or single 
gene mutations eg for diagnosing genetic diseases such as 
[3-thalassemia or types of cancers. Tissue typing for poly 
morphic HLA alleles for transplantation or studying human 
diversity is facilitated. 

[0031] The nucleic acid preparations are made from 
samples collected in any type of environment, Where detec 
tion and identi?cation of the microorganisms in that envi 
ronment is of interest, or Where it is likely that neW (previ 
ously unidenti?ed) organisms may be discovered. 

[0032] DNA and RNA molecules in a sample can be 
separated from each other during their isolation and labeled 
With different ?uorescent dyes. These RNA and DNA mol 
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ecules are simultaneously hybridized With oligonucleotides 
on a microchip that is speci?c to the sample to be tested. The 
quantitative monitoring of the simultaneous hybridization of 
differently labeled DNA and RNA With a microscope that 
can discriminate multicolors at several Wave lengths alloWs 
the calculation of DNA/RNA ratios in the sample. For 
bacterial samples, this ratio determines the state of vitality 
and physiological activity of the bacterium. In an embodi 
ment, the ratio of RNA/DNA is used to discriminate the dead 
bacterium cells and spores from the active state of microbial 
groWth. In the same Way, a DNA or RNA molecule of a 
bacterial strain stained With one dye can be added in a 
calculated amount as an internal standard to a sequence or 

sequences under investigation in Which the sequences being 
investigated stained With a different (second) dye. The 
?uorescence measurements of hybridization intensities at 
different Wave lengths for the standard and investigated 
sequences (probes) alloW relative quantitative ratios to be 
determined. 

[0033] Hybridization on microchips alloWs unambiguous 
typing of different groups of chosen bacteria in a sample. 
Microchip hybridization is a simple, fast, inexpensive and 
reliable method for bacterial typing. 

[0034] An aspect of the invention is that there is no 
limitation on the number of sequences that can be checked 
or the number of types of microorganisms that can be 
detected. Instead of multiple sequential hybridizations With 
different probes of, eg a 16S rRNA preparation, only one 
round of hybridization is required to ?nd out What different 
sequences are in a sample. The volume of hybridizations is 
dramatically reduced and the assay requires much less RNA 
or DNA compared With standard techniques. An advantage 
is that culturing of bacteria and gene ampli?cation can be 
avoided. 

[0035] Methods of the invention signi?cantly reduce 
sample preparation time, avoid the culturing of organisms 
collected from ?eld situations, and alloW the identi?cation 
of all species of microorganisms contained in a particular 
sample. Portable microchips are available for ?eld Work. 

[0036] For example, oligonucleotides complementary to 
small subunit rRNA sequences of selected microbial groups, 
encompassing key genera of nitrifying bacteria, Were shoWn 
to selectively retain or hybridize With labeled target nucleic 
acid derived from either DNA or RNA forms of the target 
sequences. Methods and compositions of the present inven 
tion discriminate among the Genera, Nitrosomonas, Nitro 
bacter and Nitrosovibrio sp. using ?uorescently labeled 
nucleic acid probes that hybridize to 16S rRNA sequences. 
Each species has speci?c DNA sequences Within the vari 
able region of its rRNA genes. Since the rRNAs are naturally 
ampli?ed, often present in thousand of copies per cell, they 
provide greater sensitivity, eliminating the need for ampli 
?cation in many applications. 

[0037] The invention facilitates identi?cation of organ 
isms from environmental samples in a faster, and more 
economical approach than presently available. In addition, 
neW species may be discovered that Would be highly infor 
mative regarding taxonomic status of knoWn as Well as 
neWly discovered organisms. 
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[0038] A diagnostic assay of the present invention for a 
mutation in a gene, includes the following steps: 

[0039] (a) designing a customized oligonucleotide 
microchip biosensor comprising oligonucleotides 
that hybridize to a gene having the mutation, Wherein 
the oligonucleotides are positioned on the micro 
chips so that patterns result depending on What 
oligonucleotides are in the sample to ansWer a spe 
ci?c question(s); 

[0040] (b) contacting a nucleic acid sample to the 
customized oligonucleotide microchip biosensor 
under conditions that alloW hybridization of the 
nucleic acid to the microchip; and 

[0041] (c) determining the pattern of hybridization 
from Which observation the presence of speci?c 
nucleic acid sequences is inferred and the speci?c 
question is ansWered. 

[0042] For diagnostic assays for genetic diseases, 
sequence analysis of DNA is carried out by hybridization of 
PCR ampli?ed DNA or its RNA transcripts With oligonucle 
otide array microchips. Polyacrylamide gel pads containing 
allele-speci?c immobilized oligonucleotides are ?xed on a 
glass slide of the microchip. The RNA transcripts of PCR 
ampli?ed genomic DNA are optionally ?uorescently labeled 
by enzymatic or chemical methods and hybridized With the 
microchip. In the ?eld, the chemical methods are preferred 
because results are obtained faster, and some chemicals Will 
fragment DNA at the same time Which is needed for the 
sample. 

[0043] When melting curve experiments are performed, 
both matching and mismatching oligos can be immobilized 
in the gel pads, and both matching and mismatching nucleic 
acids can be in the sample. The biochips are reusable in tWo 
types of embodiments: 1) the sample or test nucleic acids 
can be removed or stripped off the chip and a different test 
sample can be introduced and 2) the same melting point 
curve experiments can be run and re-run Without any Wash 

mg. 

[0044] When experiments are performed With a different 
test sample, the original sample is removed from the chip by 
a Washing or stripping procedure using distilled Water at 60° 
C. With an hour (or up to overnight) incubation. If the 
melting curve experiments are repeated (or reused) then the 
same sample is left in contact With the chip and appearance 
and disappearance of hybridization signal is observed over 
a variety of temperatures, usually ranging from 0°-50° C. 

[0045] When the chips are incubated, in order to remove 
the sample nucleotides, virtually none of the immobilized 
oligos are removed in the process. This is because the oligos 
are covalently linked to the gel matrix of the gel pads that 
form the microchip. 

[0046] Repeated reuse of the chips in Which different 
samples are applied after sequential removal is usually 
limited to about 50 uses, because eventually the amount of 
non-speci?c or background hybridization signal is greater 
than one-tenth of a mismatch hybridization signal. The 
conditions under Which a chip Would not be reusable (up to 
50 times) are very feW. Such conditions include alloWing the 
chips to be cooled to —20° C. or performing experiments 
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Where the chips are heated to above 70° C., conditions that 
have been shoWn to cause degradation of the chips, thus 
rendering them unstable. 

[0047] The simultaneous measurement in real time of the 
hybridization and melting curves on the entire oligonucle 
otide array is carried out With a ?uorescence microscope 
With a laser light source equipped With CCD camera or a 
special laser scanner. Some Work only With dried micro 
chips. The monitoring of the hybridization speci?city for 
duplexes With different stabilities and AT content is 
enhanced by its measurement at optimal discrimination 
temperatures on melting curves. Microchip diagnostics are 
optimized by choosing the proper allele-speci?c oligonucle 
otides from among the set of overlapping oligomers. The 
accuracy of mutation detection can be increased by simul 
taneous hybridization of the microchip With at least tWo 
differently labeled samples of normal and mutated alleles, 
and by parallel monitoring their hybridization With a multi 
Wavelength ?uorescence microscope. The ef?ciency and 
reliability of the sequence analysis Was demonstrated by 
diagnosing [3-thalassemia mutations and HLA polymor 
phisms. Determining levels of gene expression is an aspect 
of the invention. 

[0048] Because the methods of the present invention 
require only a simple procedure of hybridization and 
because only one round of hybridization is necessary, it is 
fast and inexpensive. Because the invention alloWs a lot of 
information to be obtained from one experiment, in a simple 
pattern as compared to the analysis of hundreds of data 
points, it has increased ef?ciency. The invention is reliable 
because the microchips are reusable. Immobilized oligo 
nucleotides are not Washed out. There is no Waste of 
hybridization probes, therefore the microchip hybridization 
is inexpensive and non-isotopic detection simpli?es all 
procedures. 
[0049] Effective and precise sequence analysis by the 
hybridization of a probe With rather short microchip-immo 
bilized oligonucleotides depends on many factors. Major 
factors are the reliability of the discrimination of perfect 
duplexes from duplexes containing mismatches, differences 
in stability ofAT- and GC-rich duplexes, the efficiency of the 
hybridization, and simplicity in the preparation of the 
labeled samples for hybridization. 

[0050] Identi?cation of base variations is signi?cantly 
improved by parallel measuring of the melting curves of the 
duplexes formed on the entire oligonucleotide array, as Well 
as by monitoring the simultaneous hybridization of tWo 
differently labeled samples at tWo Wavelengths and by 
choosing proper allele-speci?c oligonucleotides. 
[0051] Other factors to be considered for operation of the 
invention include (1) regulating the How of the ?uid con 
taining a sample to be tested over the microchip during the 
hybridization; and (2) control of the temperature of the 
microchip gel layer and the ?uid layer, in a differential 
manner, by placing a cooling and heating apparatus adjacent 
to the gel layer and the top ?uid layer. The gel layer 
temperature is controlled in a uniform or gradient manner by 
a heating/cooling device attached to the glass plate substrate 
of the gels. For ?eld Work, the optimum temperature for a 
particular question is determined previously in a laboratory. 

[0052] Ade?nition of “customized microchip” is a micro 
chip of gel elements on a support, Wherein the oligonucle 
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otides are immobilized in gel elements according to an 
ordered scheme such that multiple bits of information are 
ordered to a simpler pattern to ansWer a speci?c question. 

[0053] Removal of test or sample nucleic acids from 
microchip is accomplished by an incubation step carried out 
using distilled Water for at least one hour (up to overnight) 
at 60° C. (This procedure is analogous to the step of 
“stripping” a ?lter for re-use in the standard technique of 
probing a Southern blot.) The immobiliZed oligonucleotides 
in the gel matrix are not removed by this incubation as the 
oligonucleotides are covalently linked to the gel substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] FIG. 1 shoWs non-equilibrium melting curves of 
duplexes of RNA With microchip oligonucleotides. 

[0055] FIG. 2 shoWs an example of four melting curves 
for 75-nt-long RNA fragments hybridiZed With the micro 
chip oligonucleotides. The RNA Was derived from a patient 
having the IVS I/2 T/A mutation in the [3-globin gene. The 
curves Were normaliZed to the initial hybridiZation signals. 
Melting curves 1 and 3 correspond to perfect duplexes; 
curves 2 and 4 correspond to duplexes containing internal 
T-T or G-T mismatches, respectively. The curves for the 
perfect and mismatched duplexes are shifted by about 10° C. 
from each other. 

[0056] FIG. 3 shoWs hybridiZation of ?uorescein labelled 
16S rRNAs to a microchip. The microchip With immobiliZed 
probes (see Table 1 and Table 2) Was hybridiZed sequentially 
to in vitro transcribed 16S rRNA of Nitrosovibrio tenuis (A), 
Nitrosomonas europaea (B), E. coli (C), and With E. coli 
rRNA recovered from isolated ribosomes The panels to 
the right display the number of mismatches betWeen each 
probe and the RNA. 

[0057] FIGS. 4A and 4B shoW hybridiZation of the mix 
ture of differently labelled E. coli and Nitrosovibrio tenuis 
rRNAs to the microchip at 10° C. and 40° C., measured 
simultaneously by multicolor detection. A. The microchip 
Was hybridiZed With a mixture of ?uorescein labelled 
Nitrosovibrio tenuis and tetramethylrhodamine labelled E. 
coli 16S rRNA and Washed serially at the indicated tem 
peratures, a.u.—arbitrary units of ?uorescence intensities. B. 
The ratio of the hybridiZation intensities of Nitrosovibrio 
tenuis (IN) to E. coli (IEmH) 16S RNA measured at 10° C. 
and 40° C. R=(INt/IE_ CO1i). 

[0058] FIG. 5 illustrates the concentration effect of the 
immobiliZed oligonucleotides on the hybridiZation intensi 
ties. A microchip With different concentrations of immobi 
liZed oligonucleotides Was hybridiZed With N. tenuis 16S 
rRNA labelled With ?uorescein and Washed at 20° C. Curve 
1 corresponded to Nsv443 (nitrosovibrio-like) probe, curve 
2—Bac338 (Bacteria), curve 3—Nso1225 (ammonia oxi 
diZers), curve 4—Uni1390 (all life), and curve 5—Nsm-156 
(nitrosomonas), a.u.—arbitrary units of ?uorescence inten 
sities. 

[0059] FIG. 6 shoWs the sequences of [3-globin alleles 
specifying oligonucleotides that Were immobiliZed on a 
microchip. 
[0060] FIG. 7 shoWs the experimental design to detect 
[3-globin mutations using oligonucleotide microchips. 

[0061] FIG. 8 shoWs results of gene expression studies. 
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[0062] FIG. 9 shoWs 18 short HLA oligonucleotides. 

[0063] FIG. 10 shoWs HLA oligonucleotides hybridiZed 
to the microchips. 

[0064] FIG. 11 illustrates a closed microchamber 1 con 
taining a microchip With a gel array 3 on a glass support 4; 
ports 2 are used merely to provide Wetting solution. 

[0065] FIG. 12 shoWs an ordered scheme in Which a letter 
“P” Will be detected if there is a group of hybridiZations of 
oligonucleotides from a sample that are oligonucleotides 
from pathogens. 

[0066] FIG. 13 illustrates an ordered scheme on a micro 
chip Wherein the presence of B. anthracis. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0067] This invention relates to using customiZed oligo 
nucleotide microchips as biosensors for the detection and 
identi?cation of nucleic acids speci?c for different genes, 
organisms and individuals in the environment, in food and in 
biological samples. “Environment” includes Water, air and 
soil. Biological samples include blood, skin, tumors amni 
otic ?uid, tissues, cells and cell cultures. Detection of 
sequences in nucleic acids is used to identify microorgan 
isms in a sample, to diagnose genetic defects or polymor 
phisms, to detect gene expression and for forensic studies. 

[0068] Means for detecting a pattern generated by signals 
from hybridiZation Within individual gel elements in a 
microchip of the present invention include a laser scanner, 
eg a laser “gun” such as used to scan bar codes, a CCD 
camera coupled to a ?uorescent microscope. In the ?eld, the 
naked eye or a scanner is used. 

[0069] The invention relates to a deliberate and informa 
tive arrangement of oligonucleotides immobiliZed on a 
microchip, such that upon hybridiZation With oligonucle 
otides in a test sample, a pattern is produced that can be 
interpreted With a suitable means. Hybridization may be 
detected by letter (FIG. 12), design or bar code pattern 
(FIG. 13) Wherein columns “1” and “3” are dark bars 
signifying the presence of a pathogen, and the speci?c 
pathogen in “1 ” is a different anthrax species from that in 
“3.” By immobiliZing all of one type of oligonucleotide in 
a column, for example, the pattern is readily detected as a 
linear column, as contrasted to detecting hybridiZation in a 
single small gel element or elements, Which requires a 
microscope to detect it, and computer programs to analyZe 
it. 

[0070] Anucleic acid hybridiZation is a highly speci?c and 
sensitive procedure and alloWs a speci?c sequence to be 
detected and identi?ed among other millions of sequences in 
a genome of an organism. HoWever, nucleic acid hybridiZa 
tion is a useful but quite a cumbersome procedure. This 
draWback can be overcome by using oligonucleotide micro 
chips as biosensors for different microorganisms. Within a 
small area of a feW square millimeters or centimeters, 
hundreds and thousands of synthetic oligonucleotide probes 
are immobiliZed that are speci?c to ribosomal DNA or to 
other speci?c nucleic acids. Subsequent hybridiZation of a 
DNA or RNA molecule to the microchip enables a menu of 
oligonucleotides to be identi?ed in a sample. Instead of 






























