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ABSTRACT
Overthe last several years, a set of small biochip readers were designed at Argonne National Laboratory. Al reader models accept
the 1 x 3 inch standard microscope glass format. iodel was successfully evaluated by diferent institutions within the United States.
Due 1o a patented enhanced illumination method and custom lens design, the parameters stich as sensitivity, reproducibilty, etc., are
comparabl wih iha f olher biochip readers/scanners curerily n e markel,However, the ANL iocip readorsare much smalrand
faster in comparison. The ANL portable mm:mv
user will be able to operate the reader correctl

be. that e
most ocont modl,wiich & ecipped with mulicalor umination o biochip thermo-

, will e discussed and be presented.
‘The readers allow reading of 3D as well as 2D-planar bined with a
solut different biochip p tested and , along with the specific reader applications,

o
during the poster session.

INTRODUCTION

Amang The variety of biochips presently on the markel, most are arayed on a solid and ransparent glass or plastic side.

he attached to a solid support. The probes are available for
hyhndvzaﬂon Wi sampls thal conaig trget molecules oppoSe Schem 1 (e same i erms of the bochp r626ng)
Fluorescence indicates results of specific interaction of the targets with the pmhes
D biochip platforms are oriented to use standare [ ameasure of
hybridization, free space between array elements to read 3D and 2D biochips nder ot ok cocon and can e integrated with a
mber. This, in many aspects, determined the concept of the Portable Biochip Readers developed at ANL.

he reader is typically an optical device that iluminates the biochip with light of a specific wavelength and detects the emitted fluorescent
N trom the bochi. As pposed t scamnrs which sre ek krow on t0 read hig y biochips in
‘condition) ANL readers have large field of view that covers the entire biachip array. In order 1o create a biochip reader platform not only for the
Taborton), ul 2o o ol applcation, ol modele wers Gesigned wit roSpect paameters such 2 sl 36, Igh Weigh low enercy
‘consumption, durabilty, vibration-proof and shockprool.

To design portable readers wnn slarge ﬂe\d o view thts comparsble wih scsnnars 1 arms of seniity, rproducibity and ki, o
solution for proper jochip ray over the entire
2rea of he Aty 1o be analyzed. Any non- umvmmmy e haminaton ansites n oraness it intensity of the fluorescence signal and
ihus tends (o lead L eroneous rosuls. A majorprodlemnfor curenly avaiabe commercialtochip anayzers thatfmpas he atlempt at
miniaturization s the use of raster scanning imaging tech that require through the lens” ilumination.

ssiate the use of precisely moving parts and high power asers (known [0 cause damage of samples) to obtain
auficiont dotecton sensiy. —

Model 02: is 5.2°Wax11.5Dx 5'H, Mass 3.5 Ibs. Model 03: 12.2Wx10°Dx 5'H, Mass 4.5 Ibs,
Both models have: green illumination, focusing , ifs control andzoom capabilty, from 0.01 sec to several
minutes of exposure time, 11x9 mm field of view, 225 05" observation of the 1'x3" glass slide.

MODEL 04

Aurora Photonics commercial product
developed on the basis of ANL reader

Consider the RSD), defined as ivided by the . is a measure of th
uniformity of ilumination. The RSD is the simplest criteria that reflect the qualiy of mnaton, The uniformity oflumination is better and
the error is less when the RSD is ess.

Average  Standard

valle  deviation RSD
Directilumination 129 30 oz
Indirect ilumination 7.3 047 006

On basis of cats anayss th ndirectscheme o ihumination povkies 3.6t bete nformitysnd comspandingly 3.6 e less smor
than the first conventional ilumination scheme

MEASUREMENTS

DESCRIPTION

A method of biocip luminaton, Palent US 6,620,623 Bt awardad t ANL, ft th tsk. lumination s provided by a non-collimated laser source or
a light emitting diode (LED). The light i directed aglass ‘a biochip by Each of
ine cplclfoe bundles 6 spread cutia make a an one of more fsers ok and defining a Ine of oplcal e fces. T process randorizes
any non-uniformity in ilumination, creating a more uniform lumination source. A respective divergent diffuser engages each row of optical fiber
Taces aouping and ifusing th gt evenly thTough the oppORINg ides o 6 gass aubsrat fo minate he bloch SUPPETGd by 1o glass
substrate. The glass substrate functions as a secondary light guide. The divergent difusers separate the optical fiber faces from the edges of the
glass substrate, protecting the opical fibers from mechanical damage. A slide holder containing the fiber fan and diffuser supports the glass
substrate carrying the biochip. The slide holder includes a set of positioning springs to engage the glass substrate and position said biochip in a
focal plane. Light also can be directed to opposing ends of the glass substrate by a second pair of opical fiber bundies. Also a single optical fiber
bundle can be used to direct ight in one side of the glass substrate or three optical fiber bundles can be used to direct ight into the glass.
substrate. This method of ilumination provides a superior signal to noise ratio as compared with conventional ilumination systems.

Data was processed by MicroChip Imager
Software (ANL copyright TXu 893-334),
"I MULTICOLOR READER PROTOTYPE EVALUATION
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g1 Datecing by SMTFM of the arays #2212 and #2213
Fluorescent signal was averaged from 16 array clements.
Temperature 20°C, exposure o 1 ssc0n. Arrays were loa

with fluorescent dyes Cy3 and CyS and illuminated by fittered green
light 535 nm. Light source is Mercury arc lamp, 100w.

SMTFM - Statonary Mulicalor Thermo-contolied

MULTICOLOR READER PROTOTYPE EVALUATION

MULTICOLOR READER PROTOTYPE EVALUATION

Fig. 3 Detection by Reader of the arrays # 2212 and #2213,
Temperaure 20 . Fluorescent signal was averaged fom 12 array
elements. Arrays iluminated by green light. Light source is gres

Jaser oie 535 +1 S, 5w, Afrays were loaded. wih Rubrescent
dyes Cy3 and Cy5.

Biochips containing a set of probes were produced by using slides 3D-Link, Superaldehyde, and Hydrogel. Probes Immobilization was carried out
according to procedures recommended by the manufacturers. After hybridizations with a mix of Texas Red labeled target oligonucleotides (5
fmol/l) Biochips were dried. Hybridization signals from the biochips were recorded on the biochip reader 600 and on a commercially available
scanner, Model: Bio-Chip Imager, Part No.: 902-3013001 manufactured by Packard Instrument Company, Inc., now it is Packard Bioscience.

MULTICOLOR READER PROTOTYPE EVALUATION

Fig. 2 Detecting by SMTFM of the arrays #2212 and #2213,
Fluorescent signal was averaged from 16 array elements.
Temperature 20°C, exposure time 1 second. Arrays loaded

Fig. 4 Detection by Reader of the arrays # 2212 and #2213,

Temperature 20°C.

Fluorescent s\gnal s aversged from 12 amay
elements. Arrays illuminated by re laser

. Light source is re
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fuorescent dyes Cy3 and Cys. Arays uminated by fitered red light lomnts, Ao yminted by red ght. Lght souro s ed laser
635 nm. Light source is Mercury arc lamp, 100w. ‘°d:: s mw. Arrays jed wkh fluorescent dyes Cy:
and Oy
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1 Melting curves recorded on the Multicolor Reader Melting curves recorded on the SMTFM for one probe e S e e
Ersion s Prototype for one probe (5GAT GAT GAT GAT GAT (5-GAT GAT GAT GAT GAT GAT GA-3') with two targets R e e
GAT GA-3") with two targets labeled with different labeled vith different flucrescent dyes
[ — fluorescent dyes
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R ST Accepts the standard (25 mm x 75 mm) microscope side format in use by the majoriy of biochip manufacturers.
g g
s =l The laboratory prototype has been successfully evaluated by different institutions within the United States.
g 3
Ed T Due 0 the patented enanced ilumination method and custom lens design, no moving prts are required and parameters such as sensilvy and
g E " hat of other bioehip readers/scanners curtrtlyon the market
£ s
S 2 wres fed of view is 20x20 mm) using a CCD camera, allowing times of
s oamatoment o310 Seconds o ot cammeraly avalags oy, b oo e 10 10 mited 1o rod forscamner opcs
ool 04 Design Basis o 10 20 30 40 s 60 8 in most appications.
Temperature The ability to i the entire array at llows the user to accumulate fluc t signal desired i iod, which provide
vty Mool 04 uclr rescer s st oo on  stacrd (25 Temperature Tre sty o mage he sire ary at oo ollows e ueer o acumulefuorescent sgnal over any desed mo porid, which provides
75 mm) lass microscope side. Model 04 s 6  5,6Dx 12.6*H has 20x20m ik of view focusing and opticalzo0m capabiis, 3 0.76°% 3 of
3" glass side observation area and i weights 10 pounds. The Nodel 4 consists of a CCD camera, power supply fo the camera, wo aser o 5TC ATC ATC AGG ATC ATC ATC-3-AlexaFluor 546 —0—5.TC ATC ATC AaG ATC ATC ATC-3-AlexaFluor 546 Open st opertr iy anayi s, T softvar can b confgures o accommoda ange o agrhns o analyss
savs s homaly ool ol e, anda amparakrs cont meric. A Gsio o o cuter an o s o oo o o ) from very detaie research purposes {0 very simple nerfaces suich as the push buton-get answer (nat ANL made for DARPA's speci
camera. The, table, camera, and laser sources are contained within a black anodized aluminum case to —O=5"-TC ATC ATC ATC ATC ATC ATC-3"-AlexaFluor 647 —O—"5-TC ATC ATC ATC ATC ATC ATC-3-AlexaFluor 647 applications.
10 exp0sng e sompl o st 5 g m...mm Tuolasr lumiai e fth sid v quies it s atoched o i Mol mination and a bioghp hermal conolof obatarget meractons
table. The. ach laser throl and the circular fiber bundles are routed to dispe and SMTFM. targets 5-TC ATC ATC AaC ATC ATC ATC-3-AlexaFluor 546 and 5-TC ATC ATC ATC ATC ATC ATC-3-AlexaFluor 647 (2.8 fmoll each) were during array procsssing and imaging.

the biochip where they are anetomes vmm s ictlar 108 near cross socon. This process randomizesany ran- uriforty n e laminaton
Source, creating uniform illumination that an even distribution of light along the full area of the biochip. The laser light luminates the chip
rom nside the glass. To acquire animage, & ioch & piaced i s holder that & mounied on  temperalure contiolied unit The sde s hon
positioned so s to center a selected biochip area i the camera field of view, the case coveris closed and the laser is activated to iluminate the
slide. The CCD camera detects the fluoresced pattern and the video signal is transmitted to the computer where the patter can be visually
displayed, analyzed, and logged by custom-written software. The laboratory model is able to maintain a user-defined temperature on the table for
‘conducting dynamic thermal experiments and analyses. The abilty to control temperature and read 3D biochips is particularly well suited for protein
biochip analysis which require a needtfor a solution phase environment for proper protein interactions and stabilty.

hybridized with 5-GAT O AT AT AT QAT G, robe on 2 biochp. Hybrdzaton condiions: 1 1 Guanidine sohiocyanate, 50 mid HEPES, pH 7.5, 10 M EDTA, 466, 3 h. Fallowing the hybridzation mefling curves were rocorded.

Fiuorescent intensites for the targets were caloulated as % from the intensities observed at 4°C.

Reading of 3D as wel as 2D-planar biochips combined with a transparent reaction chamber or flow cell containing solution.

ACKNOWLEDGMENTS

“This work was supported by the U.S. Department of Energy N . the Defense Adh
E428, and the Defense Threat Reduction Agency (DTRA).

d Research Project Agency (DARPA) under Interagency Agreement No. AO-

The abilty and read 3D biochips is particularly well suited for protein biochip analysis due to the need for a solution phase.
environment for proper protein interactions and stabilty.

The compatibity of the laboratory model with different biochip platforms has been tested.

‘Aurora Photonics Inc. and Akonni Biosystem have licensed the rights from Argonne National Laboratory to patented biochip ilumination
technology, and custom optics allowing for the miniaturization of biochip analyzers.

Contact name: G. Yershov Telephone 630-252-4867, E-mail: yershov@anl.gov
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