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ABSTRACT

Liw the event of a BW attack, rapid and sensitive methods
are needed for accurate identification of bactena 1o the
specics level. Current  rapid methods for species
specilic identification require clean exmacnon of pure
nucleie acid and require amplificanion of sipnalsisarting
miaterial by PUR, Sigmficant nucrobial expertise may he
required Lo svaluate a sample contaming nucroorgansms
so that the correct PUR primers can be selected for
positive  tdentification  before  any  tests are  mn
Although PCR is relatively rapid, the apphcations are
lipited 1o assessment of a small communny of nucrobes
and sre diected 1o only one or a few penes ara nme. In
order o adeguately test for all potennal bactenal
pathogens, many tesis are required of no apnon
knowledie about the suspected agent 18 knewn. This
mereases  the  dlime and cost of analves resalts n
depletion of available test matenals. A bhener approach
would be to reduce the cost of analysiz withour the
concomuant less of miormaton and sample and wirthout
Increasiag analyss nme

We  will  descrnibe  the  adaptanon of  classwcal
mucrobiological strategies o molecular methods for apad
and high contidence identificanon of bacterial pathogens
Classical nucrobial dentification  strategies are  net
typically based on-a single test or evaluanon but are
usually based on a collection of tests and a decision tree
tor thewr interpretation that results i a high confidence
wdentificatron Linfortunately. current classical and gold
glandard metheds for bacterial dennficanon  ars
relatively clow, requirme hours (usuvally 4 er more) w
days for species-specific idenufication.

While single rests are offen broadly apphcable to many

oenus,  grouping  many f@sts ropether provides the
spectficity and internal conststency for accurate hactenal
idennification.
micrparravs and  hierarchical decision mees, wc have
successfully  penerated multiplexed  platforms  for
identification hacterial azents in less than two hours
Due w the larpe number of probes (<1000}, te plaform
can he broadly and simulianeously  applied 1w all hurman
pathogens,  The platform as highly adaplable m that
methods have been developed with and without the use
of PCH.  Assay development time for now tarpgets has
been sipmificantly reduced by the capture of il data

Using a combination of high density

used 1 the tesnng and evaluation into a relational sl
searchable database. We will desenhe how relrospoective
analysis of collected data has permitted us to wnderslac]
the features of probe development and placement amd
down select the best methods, assay components and
software  construchon  which  provide  the  prealest
reproductbility,  semsitivily and  specificity Tor this
platform.  Finally  we  will describe “within assoy™
controls meorparated inte the platform Lo provide end-
users with point of wse moetries of assay perlormanee
i benchmarks) simulaneoushy wath test data,

CLASSICAL MICRORBIOLAMGICAL AND
MOLECULAR METIHONS

If there 15 a possthle threal o humon hives and salety,
quick amd accurate ddentification of ese potentially
harmiul orpamsms is cssential i dewermine possible post
exposure prophylaxes methods A determination woulkl
need ro be made as wowhether the meident s an actoal
bralogical event or hoax Classical  hacterial
wdentificanon  methods  are  routinely  used in the
laboratory, and although very aceurare, often take several
hours or days 1o complete. PCR, polymerase chain
reaction, 15 a techmique that as frequently unlied  for
bacterial dennficanion. Althongh PCR ¢an be performed
i a relanvely shart nme perad, the chief limitaton of
the techmque 13 thar specific primers are needed o
increase coptes of the target organism. such that cnough
material 15 availahle for 2 deecton deviee.  Withoul
some forekmowledge of the warpet organism,  and
associatad  specific  primers  needed.  detection of
unknown organisms cannot he accomplishad quickly or
reliably.  Hence, high confidence hacterial idendilicalion
srategies generzlly mast pair both these approaches.

Success In using  classical identification methods s
sererally  hazed on owse by lrained,  experienced
laboratory stafl and wehnieians in a sterile laboratory
setting. Most biological incidents are lilely to take place
i the field where battle-ready personnel may not have
the requisite training to use complicated devices and may
oot be able to handle the biclogical material in such a
manner @5 0 aveid contamination. The net result can be
unrohable assays and low confidence results,

In addivon, the logistes associaled  with a paired
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approach using classical havterial idenlification schema
and molecular methods such as PCR can be a significant
hurden,  Mulople, larpe instruments are sometine
required 1o conduct biclogical assays (e.g. incubators,
and herme] eyelers),  In addition to being bulky and
difficult 10 transport into the field, many of the reagents
usied with these instruments are penshable or are only
stable  al  certpin  temperatures and  usder certam
condilions,

Giiven (the Hmilations ol cwrrent biological detection
dovices, allernutive ientification methods need 10 be
doveloped thal provide Tor secwate, tmely resulls, can
he casily lramsported by militury persenne] to the site of o
polentinl - exposere,  amd  owre easy o use. The
MAGIChip™  (Micro Arrays of Gel-Tmmahihzed
Compounds on a Chip) s one sueh technalopy

NEW TECHNOLOGY: MICROARRAYS

Microarrays are a technolopy which is less than a decade
old. Microarmays are small platforms that contain many
differem ological macromolecules logically armanped
or “arraved” (1leller, 2002). The macramaolecules used
i oarrays can be protemms, supars or nueleie acils
(Arenkoy, 2000, Lickhoff, 2002, Zlamanova, 2001)
Microarrays are analyzed by binding specific portions of
targel orpanmisms o the array. Target molecules are
lakeled, | erther directly ar indirectly and then caplured
onto the platform surface through a process known us
hybridization after which the nucrearray is imaped using
a CCD camera. P'referential binding (adherence of tarpet
sequences to capure probes) is realized by site-specific
assoctation of labeled molecules to the capure probes
(sequences of nucleie acid that exactly march the nueleic
acid sequences thar wall be hybridized onto the
macrochip).

The nse of microamay analvsis i8 a novel approach w
bacterial identification that eliminates many of the issues
identified above since microarray platforms  suppord
multiple assavs simultanecusly,  Onece a microarray has
been designed for several biologics] strains, the cost o
replicate the array iz rather inexpensive. Additionally
assay time 15 shorr, and the assay fmself is relatively
uncomplicated allowing for field nse with minimal
raining.

UNIQUE MICRUOARRAY TECHANOLOGY:

MAGICHITF

The MAGIChip (Micro Arrayvs of Gel Imumobilized
Compounds ona Chip) is o microairay-based technology
developed 1o specifically address the need for rapid and
accurate identification of bacterig. Typical microarravs
are printed on the fal surface of @ glass shide usually

treated with a specific componnd upon which the caplure
probes adhere. However, MAGTChips are unigque in thal
they are 3 dimensional (3-T}) DNA  microaays
[ Prowdmbkow, 1998). MAGIChip microartays are formed
from olign impregnated pel pads increasing the surface
for hybridization by more than 50 limes over that of 2D
arrays. The 310 mature of (his microaray allows for
increased  probe  density. Each position on the
MAGIChip contains greater than 10" capture molecules.

Spectfic probes are designed o reeopnied unigue
ribosomal BMNA sequences and are placed into individual
pads on the chip The small size of the 31 pel pud
allows tor a high- density array to be deposited onle a
single microarray. There 15 the capacity for over 2700
probes 1w be loaded onto a smple MAGIChip. T s
possible o multiplex 27N} separale cuplure  assiys
simultaneoushy or to compare Fewer differenl ussuys wilh
a greater mumber of replicates for cach caplure probe,
thereby increasing the con ficlence of each assay,

Ihe MAGIChp  rechnology  was  mbated  as
collabaranon berween e David Stahl now at Universily
af Washingron and Dr. Andrer Mirsabekoy, formerly of
Argonne National Laboratory. Phe MAGH hip s g
portable mulnple assay technology which w capable of
discrinunanng all hurman pathapenic hacteri
simultanesusly.  This 15 accomphished by using o single
set of genes ta evaluate all hacterim, namely ribosonal
ENA (rRNA) Al hve bacteria have many copies of
rENA (a8 many as [0 comes per bacleriom). rRMNA
maolecules are exrremely abundan!, making up ul least
Bii%a of the RNA molecules found in a typical cukaryotic
call (Bavykan, 2001 ). since the copy number of rRINA 15
pre-amplitied by bacteria, no turther amplification 1s
required.  Theretore, the logistics burden of performing
BCR and the nme required tor ampliication de nat
apply to the MAGIChip nicroarray assay.  Woese first
suggested that the phyvlogeny of all hife could he fraced
thorough rENA{Woese 20002),  Swahl and Mirrabeckov
expanded on this concepr suggesnng that comparison of
single nucleonde polymarphorisms (SNPs} m rRMNA
would be mibrmanve with regards ro genus and species.
The MAGIChip exploits these palymorphorisms in
bacteria as a mechanism t  discriminate  hetween
bacterial genus and even 1o the species level,

Ribosomal BNA (rBMA)  is highly conserved within
species, using single base pawr mismatches m the design
of the capire probes allows for discriminating results
raquining  species-specific identification. Single
muclentids vanations presenl in canonical bacterial (RANA
sequences are used to differentiae one baclerial species
from another.  Probes are loaded onto the chip, which
distnguish  organisms using hicrarchical  recognition
schema. Capture probes are phylogenelically ordered by
domain, kingdom, phylum, class, order, funily, genus




IIGLURRE 1
Hierarchical recognition uses classical micrabiological schema. Probes are phylogenctically ordered by domain, kingdom,

phvlum, class, order, family, genus and species.  Stuctured multiple probe analysis provides internal consistency check
and increases assay confidence.

Schematic of Hierarchical Recognition
on MAGIChip
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and species within this schema (Domrachev 2004)
(Fipuwe 1),  'Ihig hierarchical bazed 1dennficabon
stratepy provides an imrernal consistency check within
the autormated analysis propram. Using the same schoma
for distinguishing bacteria as performed by classical
mictobiological assavs. the MAGIChip has provided
molecular tools which nume classical microbinlogesl
identification methods. Identification of Bacillus speowes
is distinpuished by hyhridization to Tess than 100 probes,
so, hy wvirtue of available “real estate” on the chip,
multiple probes for the same tarpel species can be
designed and analyzed simullancously, Multiple probes
for the same iarpel alio mercases  confidence of
identification. Thus Dacillus species are nol wdentified
merely as Hacillus bt alse are adentificd as pram
positve bacteria with high GO content

The MAGIChip assay s rapid. Tdentification using e
MAGICh can be completed m less than two hours
using only a handfu] of SNPs on the micooarray sl can
be used 1o Werarchically diserimmste bactena o the
Species level.  Dhserirmmation to the speeics level 15
important because the speetfic specics of an organism is
one of the determimams  for assesang sk w0 the
warbizhter,

CONCEPT OF OPERATIONS: MAGICHIP
MNETHODOLOGY

The process for detecting hactena using the MAGIChip
15 relatvely straightforward, mimmesny the wse of
sophisticated laboratory: techmgues that may be mose
difficult for the najve user (Figure 23, Bacteria are taken
from a sample are  washed and pelleted Whale the
sample 15 tvpically a colany fom a plate, it does not
have to be a pure sample as the predomimant specics will
be the target visuahzed. The pellet 15 then lysed using
lysozyme, an enzyme that destroys the cell wall
allowing the release of nucleic acid (NAL  The lysed
bacteria are then added o a preparation column where
the NA from the cells remains immomlized while cell
debris and saluble contaninating materials are removed
All the processes that take place post lysis (Le wsolation,
purification. fragmentation and labeling of target (RNA)
ocour by chemical, rather than enzymatic reactions. Use
of stable chemicals reduces the logistics burden needed
to transport other zorts of enzyme hased assays. This
purified nueleic acid then undergoes fragmentation and
labeling stmultansously (Kelly, 2002) through the use of
chemical reactivity,  Frapmentation into small. <300
base pair sequences, allows for casicr hybndization onto
the chip because smaller picees of NA penmeate more
gasily throngh the pel matnx. As the NA is cut mto
smaller pieces free ends are ereated that are chemically
labeled wath the Nuorescent probe. Once the NA s
labeled and frapmented, it is eluted off of the celumn and

ready [or hybridization onto the chip. ‘Lhe total ameount
of all ¥A (DNA and RNA) eluted oft of the chip is
determined using ultraviolet spectrophotomerty, and then
a pre-determined amount of NA 15 taxed with a
hybridization buffer and put onto the chip for one hour.
Visualization of the result of hybridization and data
interpretation are nearly  sumultaneous. Antomated
alporithms interpret the image and deternune the wdentity
ol the microorgamisms m fess than two numites.  From
start to result, the MAGIChp assay takes less than lwo
howrs.

CURRENT APPLICATIONS:

MAGIChip technology harmonizes with avarlable PCR
applications by directing users in the selection of PCR
pritners for specific amplificanon. While bactenal genus
g species adenuticavon can be camed owt wathon
BCR, confirmation ot lethal stramns by nucroarrays
requires use of PCR probes. Unlike rENA, vitulence
factors which include toxing or protens which increase
the wvasive potential of an orgamsm or its toxin, are low
copy number transcrpts,  Also unhke rENA; they are
only produced under specific conditions as tound m the
host, Henee identfication swategles usually focus on the
single copy DNA sequence. Current PCR technology 15
expanding the MAGIChip platform.  Generalized PUR
resctions can be carcled out which amplitied genes m
severa] species or genus, the MAGIChip 15 then used to
discriminated 1o the specles/stain level  using capture
probes from the amplified regions. Once amplicons are
generated, many probe validation expenments could be
conducted simultaneously. Amphcons are segments of
MA i lugh copy number that can be generated 1o
compliment and probe that 15 tested on a nucroarray.
Methods being tested are incorporation of Huorescent
labels into PCR reactions and generating PCR amplicons
using pre-labeled PCR primers, which also generate
lubeled PCR amplicons, for hybridization onto the chip.
Various hybridization methods are also being evaluated
for use with FCR amplicons, The use of PCR generated
labeled amplicons for hybridizanon allows for the
production of generous amounts of probes specific 1o
those being evaluated on the chip.

While the MAGIChp has a role in detection of
virulence, it can also be used to speed the selection of
BCR primers and targsts. Testing various specific probes
using PCR can help determine the optimal size of probes
used for hybridization, Probe specification 15 critical for
the determination of target specitic hvbnidizations, Cross
regctivity of non-specific probe binding can lead to the
nus-identification of an organism. Thus, using FCR for
it's specific nature 15 a usebul tool in validating probes
while desigming a chup. 1t 15, however; not the intention
to use PCR for organism detection purposes based on




FIGITRE 2

Coucept of Operations:  Schematic depicts process 1o generate labeled target which is captured on MAGIChips based on
specilic sequence recognition.

As shown either RNA alone or both RNA and DNA can he simultaneously labeled. The
entire procedure takes less than two hours. Automated analysis vecurs in near real time (<1 minute) once the hybridized
e s abtained,
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limitations stated previousiy.

DATA HANDLING: TOOTS AND ANALYSIS

As parl of vur lestmy and cvaluation effort ar Johns
Hupkins Applicd Physies Taboratory, we added value o
the MAGICIup technology through the creanon of a
MAGIChip datobuse and analvsis tools appheanon that
helps  provide  insight  and  wnderstandmg o
performance  evaluation, assay dlesipn, anil
hardware/software gqualily contiol

A large portion of the MAGIChip testing and evalvanon
15 caplured in a datubuse and unalysis apphestion that
helps  provide  performance  evaloation,  “in-sihea™
experimentation amd  hardware and  software quality
control. The databuse application was developed o
provide the toditionas] database collection, storapge and
retreval tasks for MAGIChp cxpenmente! data, and 1o
assist i probe design, assoy evaduation sl component
performance analysis,

The MAGIChip doatabase and  analysis  application
consists of several components, To handie the traditional
task of dato collecton, o secure, weh-hased data eniry
user imerface wos developed, To handle the radinonal
data storppe and retricval tasks a osecure, relational
database wus also created. These fwo components give
e system w web enabled, cemrally located, secure
infrastructure with distributed aceess 10 handle dam from
multiple reseaich activilics in different lecanons. The
other components  inchude o wser-friendly  analysis
application that incorpurates the analysis by query, and a
suite of software lools W secomplish some of the more
complex  guerying  of  the  system. The  analvsis
application has been developed 1o be flexible and nsable
by researchers and domuin experls and may prove to be
quite useful in assessing the capabilitics and potential of
the MAGIChip.

At the lowest level, unalysis s conducted by querying
the database.  Experienced wers of the dambase
application may apply the statistical analysis technigues
1o stered data or to the results from recently submitted
queries. At the highest level, analysis is conducied by
encapsulating domain expertise inte more conplex high-
level queries. In some cases these higli-level queries arc
constructed from a sequence of basic queries organized
together by the donuain expen o simulate how @
researcher might investigate the esperimental data to
draw some conclusions about the performance of the
technology. In other cases the high-level guenes may be
constructed  from  data processing  soflware  that
manipulates the stored dato.  Researchiers and domain
experts familiar with the types of dalw caplured in the

database applicanon can tormwlate (or select) queries
that provide insight o the performance of the assay.

Analysis may also be conducted by using the statistical
analysis ools and rechmiques cwrrently available on the
MAGIChip portable reader (developed by Arponne
Matonal Laboratory). The portable reader is o fully
caontaned system which can operate from o laplop o
num computer. It 15 less than 6 Ibs and has a foot print
less than a brietcase.

CONCLUSIONS

I'he MAGIChip addresses the needs of the warlighter. Tt
provides a mulu assay platform for near real time
wentificanon ot pathogenic bactena without cormplex
assays, Lise of the MAGIChp requires litle wnining, In
addinon, the MAGIChp platform ean assist i assuy
development tor PCR based assays to assist i the design
and validation of new amplicons based assays:
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