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Super paramagnetic iron oxide nanometre scale particles have an experiment, which in turn dictates the ultimateximum
been utilised as contrast agents to image staked target binding ss throughput. Additional problems associated with thee of
oligonudlectide arraysusng MRI to correlatethesignal intensity ~ spotted arrays include the presence of irregulaapst or

1sand T, relaxation timesin different NMR fluids. sized spots, the use of porous substrates andrésemce of
contaminating material, all of which can interfemith

Microarraya are a high-capacity technology thatlfiates the  fluorescence measurements. Herein, an alternatétection
simultaneous monitoring of expression of thousaoflgenes e System using magnetic resonance imaging (MRI) is
or proteinst® and often constitute a critical start-point for demonstrated that uses insertion of the microairraynuclear
further analyses. Commonly, assays involve the aliete of magnetic resonance (NMR) imaging fluid and whiclesimot

20 interactions between hybridised probes and a tasgetple  depend on fluorescent probes.
via fluorescent labelling or radioisotope marké&r®ther
techniques including Kelvin micro-probihgand matrix- OH Ot © A

[}
assisted laser desorption/ionisationass spectrometry have % sl,.\o/s:,.\/\/HWN
also been demonstratédin molecular biology, the use of & | OH OFEt i 5 Y
2s multiple probes, typically consisting of messendgd¥A or ©
complementary DNA oligonucleotides (cDNA), can beed HS—CeH,—CcDNA
to identify useful diagnostic biomarkers for diseasncluding
cancers.

There are several methods that can be used for th
30 hybridisation of probes to a substrdt¥: however, robotic
spotting and photolithography are by far the maghmon. In
spotted microarrays, products from a polymeraseincha
reaction are printed using a robot, or alternativelith a
method devised from those used in ink-jet prinfing.
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35 Photolithographic microarrays involve the stepwasidition g | on ot
of, for example, nucleotides by selective protettemd de- 2 '.\ ,s.\/\/N ?\s CeH1,—DNA—SPIO
protection of localised areas of substraté.in addition to the g on° O W
detection of gene products, these technologiesbeaapplied ©
to protein arrays and chemical sensdrsBoth of these Scheme 1 Probe-target binding

s techniques implement the use of fluorescent markems MRI is conventionally used to non-invasively imagmjor
probes to detect hybridised interactions on thayaft organs including the heart and lungs, providingdevice of
The present fluorescent systems have several @@®8b gy ctyral and functional changes that may be aatat with
for example, non-specific binding and cross-reagtican  gisease. It involves the use of magnetic field gath to
result in false-positive and false-negative datacomplex ., getermine an NMR signal from localised volumes shanple.
4s biological samples, resulting in the requirement forther The measurement of NMR relaxation timé&g, (T, and T,)
analyses by, for example, quantitative real-timdyp@rase  anq subsequent frequency analyses allows the recatisn
chain reactiort>** Furthermore, the sensitivity of fluorescent complex three-dimensional images. Supercondgctin
detection is reduced by processes such as quend@®@ting  magnets are conventionally utilised in MRl scanners
in the need for further resources to be used ineor  phowever, instruments that utilise permanent magniets
so optimise the experimental data.The potential scope for unilaterally image samples placed above a homogenou
detecting specific entities of interest within cdep samples magnetic field have recently been developdihereby

is limited further by the presence of spectral ta@r This  gpening up the sample accessibility in this vetsatnaging
limits the number of fluorophores that can be s&ti within technology!”
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By substituting the habitual fluorescent markesedi in
traditional microarray technologies with an MRI t@st
agent, namely super-paramagnetic iron oxide (SP&jovel
MRI readable DNA array system has been develdfekhe

s interaction between probe and target cDNA strands be
monitored and imaged using MRI to detect localiskdnges
in the NMR signal coming from a fluid saturatingethystem.
The addition of a SPIO marker to a complementaryNAD
strand results in the enhancement of flelaxation timesiia

10 the increased dephasing efficiency of the surrowgdiuid’s
protons.

Complementary and non-complementary oligonuclestid
(5'-GTCCAGCAGACCTTCTCCTCAGGAG-3’) and (5'-
CTCCTGAGGAGAAGGTCTGCTGGAC-3’), respectively,
40 were modified with the incorporation of a termirlailol group
linked to the 5’ endvia a hexane spacer (Sigma-Geno8ys)
were spotted (1 pL) on top of the pre-spotted TPMHan
alternating arrangement. The array was then inadbat 37
°C in a humidified chamber for 1 hour and washethwiater.
Unmodified 5-CTCCTGAGGAGAAGGTCTGCTGGAC-
3’ oligonucleotide was labelled with dextran-coat8e10?°
being added to the freshly prepared oligonucleotiday and

45

The preparation of the MRI readable DNA arrays is left to hydrolyze in a humid chamber for 24 houfke arrays

summarised in Scheme 1. Typically two
oligonucleotides were immobilised onto a glass atefvia a

target were subsequently washed with water and arrangéa an

so fluid filled stacked microscope slide tray for aysik. Two

15 Silylated N-malimidoalylamide bridge into a 13x6 array. The separate NMR imaging fluids were tested, water vatlself

glass microscope slides (76x26 mm) were prepareekdiying
78 circular spots (diameter 2 mm) into a 13x6 ageanent
with separations of 2 mm using a Hobart’'s lasetezutinked
to corelDRAW software. Slides were then cleanedbleyng

oimmersed in a methanolic solution of sodium hyddexi
overnight, rinsed in distilled water, immersed II€H37 %)
for 2 hours, further rinsed in water and storedliethyl ether.
Freshly preparedN-(3-triethoxysilylpropyl)-6-N-maleimido)-
hexanamide, TPMH, in acetonitrile (0.01 M, 10 ﬁ’L)Nas

»s manually spotted onto the dried template surfacegusn
automated pipette and irradiated for 3 x 15 secoimds
domestic microwave oven (800 W).
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Fig. 1 Colour-coded MRI images of our system saturateti (&) water

s0 and (b) silicone oil (MRI parameters: TE = 30 m&= 1.905 s, 16
averages, slice thickness = 0.7 mm, imaging tin®d s, RARE factor =
number of lines = 128). Misregistration of the spbetween the two
images is due to the different sample’s relativsiten when the fluids
were changed. Although MR images demonstrate altierly ‘labelled’

35 spots, the image with the fluid exploiting the hegh self-diffusion
coefficient (water) clearly exhibits superior ca@st.

diffusion constant ob, = 2x10° m?> s* and a silicone oil with
D, = 1.9x10 m? s,
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Fig. 2 Colour-coded MRI (RARE sequence) images (blacklesr have
s5 been added to highlight the boundaries of theraterely SPIO-labelled

spots) of the same water saturated system imagedimdgreasing echo

time: (a) TE/TEx = 10 ms/635 ms, ( b) TE/TE= 20 ms/1.27 s, (c)

TE/TEes = 30 ms/1.905 s). The lower plot (d) shows the fmofiles for

each of the three images at horizontal coordinates0.45 cm. All data
60 Were scaled so as to reach the same maximum pieelsity.

A Brukef® 2.35 T small-bore BIOSPEC MRI scanner was
used to image the fluid-saturated arrays using RASREN
protocols?! This allowed a complete set of MR images of a
sample volume to be obtained and 2D slices cormedipg to

65 @ given array within those images to be extracted.

Results illustrated in Fig. 1 and 2 show that DNA
hybridisation can be identified on spots with négat
contrast. This loss of signal is caused by expigitthe T,
contrast, as is demonstrated by the two independent

70 observations that wusing a fluid with higher diffoisi
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coefficient (Fig. 1) or a longer echo time (Fig. 2loduces
better contrast. From Fig. 2, the ratio of NMR sitncoming
from two different locations, one without and onethw
immobilised SPIO, is seen to be as high as 14 ©r-130 ms,
whilst the signal to noise ratio is approximatel@. 1The
definition of the spots is improved when using wdteig 1a),
which has a molecular self-diffusion coefficientnteéimes
higher than that of the oil used (Fig 1a).

The line profiles of three experiments, whereie ffE of
the sample in water is increased from 10 to 30 Fkig.(2), at
X = 0.45 cm, demonstrates that there is an enhaocettast
with longer TE times. This is also clearly evidehy, simply
observing the relative contrast differences, by, éyehe three
images of the same array, when all other MRI patarse
remain constant (16 averages, slice thickness = ron,
imaging time = 61 s, RARE factor = number of lired.28).
Increasing TE improves contrast, at the cost o$ loEspatial
resolution and SNR. Spatial resolution is also tediby the
spatial extent of the magnetic perturbation, aectffvhich we
have not quantitatively explored.

In all measurements the selected slice was setoups to
capture the signal coming from the fluid residingstj above
the array. For all images the colour-coding spalhssignal
intensities (in arbitrary units) found in the ddtaorder to
display the genuine contrast. Signal variations aih MRI
images are also seen on a large length scale ddepoin the
B, homogeneity of the scanner’s resonator and dué¢héo
selected slice being slightly off-horizontality ¢th
horizontality of the array was set by using a spéavel).

In summary NMR microscopy has been demonstratdukto 8°
a suitable technique for microarray analysis whesing
magnetic particles as labelling compounds. Bindiag been
identified by the local signal intensity modulatiey the local
relaxation times. At high polarising field strengthe SPIO’s
effect within NMR is mostly found as a perturbation the
magnetic field surrounding the SPIO, resulting ignal loss.
This effect can be modulated with outstanding téity by
altering the nature and density of the SPIO, byngirag the
polarising field strength, the sequence echo tithe, MRI
sequence itself, and it is also dependent on tlesaih NMR
imaging fluid. At low field strength, SPIO can albe used
for enhancing the measured NMR fluid signal by lowg the
local T, value?? The method we demonstrated does not
require optical transparency of the sample, therefigring
potential measurements on high density porous spotsuld
work with NMR gases, including hyperpolarised ones.

MRI was also found to be a suitable technique tloe
simultaneous analyses of multiple stacked slidd3> &Brays)
for high density thoughput. We are working to fuath
optimise the resolution of these array systems th s
millimetric spots which can be resolved in lessnthane
minute”
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Higher Education Innovation & Regional Fellowships
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Footnotes

" Electronic Supplementary Information (ESI) avaiabPreliminary
experiments on millimetric spots have been idesdifivithin an imaging

5 time below one minute. The binding strategies f@ DNA array on a
hydrophobic binding surface are also include. See
DOI: 10.1039/b925020d

* Complementary 5’ to 3' and 3’ to 5’ oligonucleatidequences (5-

10 CTCCTGAGGAGAAGGTCTGCTGGAC-3 and 5-
GTCCAGCAGACCTTCTCCTCAGGAG-3) were modified with the
incorporation of thiol (-SH) groups linked to thé énd by a 6-carbon
spacer (Sigma-Genosys) and subsequently recoestiiat water to a
concentration of 100 uM. Trityl groups were remowgdncubation with

150.04 M DDT in 0.17 M phosphate buffer (pH 8.0) abm temperature
for 16 hours. DTT and thiol by- products were reeewsing NAP-10
columns, following the manufacturer's protocol (BEalthcare). Finally
the oligonucleotide fractions were verified by takireadings at 260 nm,
pooled and diluted to stock aliquots of 60 uM.
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