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METHOD FOR RAPID DETECTION AND 
IDENTIFICATION OF BIOAGENTS 

STATEMENT OF GOVERNMENT SUPPORT 

[0001] This invention Was made With United States Gov 
ernment support under DARPA/SPO contract BAA00-09. 
The United States Government may have certain rights in 
the invention. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods for rapid 
detection and identi?cation of bioagents from environmen 
tal, clinical or other samples. The methods provide for 
detection and characteriZation of a unique base composition 
signature (BCS) from any bioagent, including bacteria and 
viruses. The unique BCS is used to rapidly identify the 
bioagent. 

BACKGROUND OF THE INVENTION 

[0003] Rapid and de?nitive microbial identi?cation is 
desirable for a variety of industrial, medical, environmental, 
quality, and research reasons. Traditionally, the microbiol 
ogy laboratory has functioned to identify the etiologic agents 
of infectious diseases through direct examination and culture 
of specimens. Since the mid-1980s, researchers have repeat 
edly demonstrated the practical utility of molecular biology 
techniques, many of Which form the basis of clinical diag 
nostic assays. Some of these techniques include nucleic acid 
hybridiZation analysis, restriction enZyme analysis, genetic 
sequence analysis, and separation and puri?cation of nucleic 
acids (See, e.g., J. Sambrook, E. F. Fritsch, and T. Maniatis, 
Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
1989). These procedures, in general, are time-consuming 
and tedious. Another option is the polymerase chain reaction 
(PCR) or other ampli?cation procedure Which ampli?es a 
speci?c target DNA sequence based on the ?anking primers 
used. Finally, detection and data analysis convert the hybrid 
iZation event into an analytical result. 

[0004] Other techniques for detection of bioagents include 
high-resolution mass spectrometry (MS), loW-resolution 
MS, ?uorescence, radioiodination, DNA chips and antibody 
techniques. None of these techniques is entirely satisfactory. 

[0005] Mass spectrometry provides detailed information 
about the molecules being analyZed, including high mass 
accuracy. It is also a process that can be easily automated. 
HoWever, high-resolution MS alone fails to perform against 
unknoWn or bioengineered agents, or in environments Where 
there is a high background level of bioagents (“cluttered” 
background). LoW-resolution MS can fail to detect some 
knoWn agents, if their spectral lines are sufficiently Weak or 
sufficiently close to those from other living organisms in the 
sample. DNA chips With speci?c probes can only determine 
the presence or absence of speci?cally anticipated organ 
isms. Because there are hundreds of thousands of species of 
benign bacteria, some very similar in sequence to threat 
organisms, even arrays With 10,000 probes lack the breadth 
needed to detect a particular organism. 

[0006] Antibodies face more severe diversity limitations 
than arrays. If antibodies are designed against highly con 
served targets to increase diversity, the false alarm problem 
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Will dominate, again because threat organisms are very 
similar to benign ones. Antibodies are only capable of 
detecting knoWn agents in relatively uncluttered environ 
ments. 

[0007] Several groups have described detection of PCR 
products using high resolution electrospray ioniZation Fou 
rier transform-ion cyclotron resonance mass spectrometry 
(ESI-FT-ICR MS). Accurate measurement of eXact mass 
combined With knoWledge of the number of at least one 
nucleotide alloWed calculation of the total base composition 
for PCR dupleX products of approximately 100 base pairs. 
(Aaserud et al., J. Am. Soc. Mass Spec. 711266-1269, 1996; 
Muddiman et al., Anal. Chem. 69:1543-1549, 1997; Wun 
schel et al.,Anal. Chem. 70:1203-1207, 1998; Muddiman et 
al., Rev. Anal. Chem. 1711-68, 1998). Electrospray ioniZa 
tion-Fourier transform-ion cyclotron resistance (ESI-FT 
ICR) MS may be used to determine the mass of double 
stranded, 500 base-pair PCR products via the average 
molecular mass (Hurst et al., Rapid Commun. Mass Spec. 
10:377-382, 1996). The use of matrix-assisted laser desorp 
tion ioniZation-time of ?ight (MALDI-TOF) mass spectrom 
etry for characteriZation of PCR products has been 
described. (Muddiman et al., Rapid Commun. Mass Spec. 
13:1201-1204, 1999). HoWever, the degradation of DNAs 
over about 75 nucleotides observed With MALDI limited the 
utility of this method. 

[0008] US. Pat. No. 5,849,492 describes a method for 
retrieval of phylogenetically informative DNA sequences 
Which comprise searching for a highly divergent segment of 
genomic DNA surrounded by tWo highly conserved seg 
ments, designing the universal primers for PCR ampli?ca 
tion of the highly divergent region, amplifying the genomic 
DNA by PCR technique using universal primers, and then 
sequencing the gene to determine the identity of the organ 
ism. 

[0009] US. Pat. No. 5,965,363 discloses methods for 
screening nucleic acids for polymorphisms by analyZing 
ampli?ed target nucleic acids using mass spectrometric 
techniques and to procedures for improving mass resolution 
and mass accuracy of these methods. 

[0010] WO 99/14375 describes methods, PCR primers 
and kits for use in analyZing preselected DNA tandem 
nucleotide repeat alleles by mass spectrometry. 

[0011] WO 98/12355 discloses methods of determining 
the mass of a target nucleic acid by mass spectrometric 
analysis, by cleaving the target nucleic acid to reduce its 
length, making the target single-stranded and using MS to 
determine the mass of the single-stranded shortened target. 
Also disclosed are methods of preparing a double-stranded 
target nucleic acid for MS analysis comprising ampli?cation 
of the target nucleic acid, binding one of the strands to a 
solid support, releasing the second strand and then releasing 
the ?rst strand Which is then analyZed by MS. Kits for target 
nucleic acid preparation are also provided. 

[0012] PCT WO97/33000 discloses methods for detecting 
mutations in a target nucleic acid by nonrandomly fragment 
ing the target into a set of single-stranded nonrandom length 
fragments and determining their masses by MS. 

[0013] US. Pat. No. 5,605,798 describes a fast and highly 
accurate mass spectrometer-based process for detecting the 
presence of a particular nucleic acid in a biological sample 
for diagnostic purposes. 






































































































