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Introduction to Array
Technology

The use of Northern blots for perform-
ing gene expression analysis has been a
powerful tool in research laboratories
sinceitsinception in 1977 (1). It has
allowed researchers to answer ques-
tions about the expression of a specific
RNA species; such asin which cell or
tissue is the gene expressed, how much
transcript is present, and what condi-
tions or eventsinfluence its expression.
Information gained from such studies
has hel ped elucidate the mechanisms of
several disease processes and has
served as a predictor of disease pro-
gression. However, as powerful atech-
nique asit is, the labor-intensive nature
and time-demands of the traditional
Northern blot limit what the researcher
can learn about the response and inter-
action of multiple genesin an experi-
mental sample.

Presently, scienceisin the midst of a
“genomic revolution” that israpidly
changing the way scientists think about
and study genes (2, 3, 4). Large-scae
sequencing and the application of
expressed sequence tag (EST) technol-
ogy has led to the identification of hun-
dreds of thousands of genomic
sequences from various microbes to
multicellular eukaryotes and plants (5).
Expression analysis of each known
gene or EST using traditional Northern
analysiswould be an enormous chal-
lenge. Clearly, atechnique that

allowed for the simultaneous analysis
of thousands of genes would tremen-
dously expedite this process. The solu-
tion has been a mixture of old and new
technology; applying traditional molec-
ular techniques to cutting-edge array
technology.

DNA array technology enables the
simultaneous expression analysis of
hundreds to thousands of genes (6, 7,
8). Genesof interest aretypically iso-
lated as purified cDNA clones or as
PCR amplicons and placed into 96 or
384 well microtitre plates (source
plate). Arrays can then be constructed
with the aid of either a hand-held or
robotically controlled arraying pin tool.
The pin tool transfers nanoliter vol-
umes of purified cDNA or PCR prod-
ucts from the source plate to asolid
support surface. Each spot in the array
has a specific address and represents a
distinct gene or EST. Surfaces such as
nitrocellulose or nylon are ideal for
arrays since nucleic acid can be easily
immobilized, hybridized, and detected
using standard molecular techniques.
The arrays, when complete, can be
used immediately as atool to anadyze
the expression patterns of a defined set
of genesin acell or tissue type (7).
These arrays can a so be used for
detecting single-nucleotide polymor-
phisms (SNP) as well as sequence
polymorphisms resulting from inser-
tions/del etions of two or more bases
(9, 10).

To perform adifferential gene expres-
sion application, total cell RNA isiso-
lated from both control (normal) and
experimental (biologically stressed,
toxic or drug compound treated, etc.)
tissues. Reversetranscriptaseisused
to make cDNA copies of the isolated
RNA to produce acDNA probethat is
more stable without altering the rela-
tive concentrations of RNA. 1n addi-
tion, radioactive nucleotides,
chemiluminescent, or fluorescent
reporter molecules can be inserted into
the cDNA during synthesis to provide
probesfor array hybridization. The
cDNA probes from the two tissues are
hybridized to an arrayed membrane
and subsequently detected using the
appropriate detection systems. When
individual genesdisplay differencesin
reporter intensity between the control
and experimental tissues, it reflects dif-
ferential expression of that gene;
greater intensity in experimental tissue
indicates that the gene is up-regulated,
lower intensity indicates down regula-
tion. While array technology provides
valuable yes/no information about gene
expression, quantitative information
extracted from the arrays should be
viewed with caution and requires care-
ful confirmation via Northern analysis
and/or gRT-PCR techniques such as
TagMan® (Applied BioSystems-PE).

The popularity and sheer power of
array technology israpidly making it a
necessary laboratory tool for all those
involved in any type of gene discovery



and analysis. Asthe pool of scientists
utilizing this technology grows, the
need is rapidly burgeoning for a set of
guiddinesto steer the researcher
though the basics of array construction.
There are several types of robotic sys-
tems available for spotting molecules
onto membrane surfaces. How these
robots perform depend on many fac-
tors. The volume of liquid transferred
from the source plate to the surface
dependsin large part on the type of pin
tool being used by the robot, the chem-
istry of the solution, and the condition
of the membrane surface. How large or
small can a PCR fragment or oligonu-
cleotide be for efficient spotting and
immobilization? Should the nucleic
acid be denatured before or after spot-
ting and what are the recommended
methods? Thistechnical applications
note was designed to answer many of
the questions posed above and to pro-
vide some basic guiddlines for arraying
onto Schleicher & Schuell Nytran
nylon membranes using a BioRobotics
(Cambridge, U.K.) Total Array System
(TAS™).

Robatic Arrayer and
Materials

All of the information presented in this
note was generated with the aid of a
BioRobotics BioGrid 600 arraying
robot. The gridding tool contains 384,
free-floating, independent 0.7mm solid
pins. The nylon membranes used for
the arrays were Schleicher & Schuell
0.45um Nytran SuPerCharge (SPC)
and 0.45um & 0.2um NytranN. The
(3-globin, vimentin, and a-tubulin PCR
products were amplified from human
K562 high molecular weight DNA
(GIBCO BRL), and the puC amplicon
was from pUC19. The size of each
amplicon isdetailed in Table 1.

Methods and Results

Pin Volume Determination

When preparing an array for expression
anaysis, it is essential that the PCR
product is on the membrane in excess.
For PCR amplicons between 350 - 700
base pairs spotted with a0.7mm solid
pin, this trandates into spots approxi-
mately 700 - 750um in diameter con-

Tablel. Target DNA/PCR amplicons

Template Amplicon Designation Primer Ln; source Amplicon size
puC 19 pucC 20 mers; Genosys 116 bp
K562 [3-globin 20 mers; Perkin Elmer 268 bp
K562 a-tubulin 26 mers, CLONTECH 527 bp
K562 Vimentin 20 mers, Genosys 1.3 kbp

K562: high molecular weight DNA from K562 cell line. GIBCO BRL

Dispensed Solution Calculated Amt of DNA spotted

Volume Dispensed; if source plate [DNA]
nl/0.7mm pin =100 ng/ul; ng

Water 62 + 2 (n=4*) 6.2

6X SSC (0.9M NaCl/90 mM NaCitrate)| 50+ 0 (n=2) 5

150 mN NaOH/5X SSC 53+ 7(n=2) 53

150 mN NaOH/5X SSC/10 % glycerol 51+ 0 (n=2) 51

0.4N NaOH 45+ 3 (n=2) 45

0.4 N NaOH/0.5 M NaCl 40+ 2 (n=2) 4

0.4 N NaOH/1.5 M NaCl 41+3(n=4) 41

0.4 N NaOH/1.5 M NaCl/10 % glycerol 39+0(n=2) 39

* = number of experiments; each experiment had 6-8 wells/solution.

taining 1 - 5ng of DNA. Sincethe
concentration of the PCR amplicon in
the source plateis easily controlled, it
isessential to know how much fluid is
actually being transferred to the mem-
brane. The solid pins used in this study
rely on passive transfer to move PCR
products from the source plate to the
membrane. The amount of fluid trans-
ferred can be influenced by severa
conditionsincluding humidity, chem-
istry of the solution, and surface ener-
gies of the membrane. Table 2 shows
the results of several experiments
designed to determine the per-spot-vol-
ume of fluid transferred by a0.7mm
solid pin and the influence of solution
chemistry.

To perform this experiment, aknown
volume of each solution (from table 2)
was dispensed into 8 different wells of
a 384 well Nunc source plate. The
solutions were gridded robotically onto
0.45um Nytran SPC membrane using a
0.7mm pin tool from BioRobotics.
Specificaly, the solutions were arrayed
in a4x4 double offset configuration
onto four, 22cm x 22cm membranes.
The pins were dipped into the solution
and transferred to the membrane as 1
pin strike per application per spot.
After 384 individua applications, the
volume remaining in the well was mea-
sured. The calculated pin volume was
determined as. (starting volume -
remaining volume) + 384 = volume




delivered per pin per transfer. The data
in the far right hand column of Table 2
gives aclose approximation of the con-
centration of DNA transferred to the
membrane surface as a function of
source plate chemistry. In general,
increasing the ionic strength and pH of
the solution resultsin less volume
transferred to the membrane surface.

Pre-grid and Post-grid
Denaturing Methods

There are many factors that need to be
considered when making decisions
about array preparation and processing.
Detailed below are two protocols that
have worked extremely well with
Nytran nylon membranes. Thefirst
protocol callsfor denaturing the DNA
prior to spotting onto the membrane,
while the second spots duplex DNA
onto the membrane followed by a
denaturation step.

A. Pre-Grid Protocol: The proce-
dure that we recommend for pre-grid
denaturation was adapted from
Jennifer Ng at the Thirteenth
International Histocompatibility
Workshop (11). In this procedure,
100pg/ml of each PCR ampliconis
dispensed into the appropriate wells
of amicrotitre plate (source plate).
Freshly prepared 5X denaturation
solution (2N NaOH/50 mM EDTA)
is placed in a separate container.

Both the source plate and denatura
tion solution are placed into a37°C
incubator for 30 minutes. Upon
completion of the incubation period,
denaturation solution is added to the
wells of the microtitre source plate so
that the final concentration of denatu-
ration solutionis1X (0.4 N
NaOH/10 mM EDTA). Theplateis
incubated for an additional 30 min-
utes at room temperature to complete
the denaturation process. The data
displayed in this application note was
generated using the above procedure;
however, we have been able to gener-
ate comparable arrays by omitting the
pre-incubation step. We recommend
that each procedure be evaluated
under arraying conditions to deter-
mine which variation, pre-incubation
or not, provides the optimal results.

The denatured amplicon is spotted
onto Nytran nylon membranes and
immobilized by UV crosslinking at
120 mjoules/cm? using a Stratalinker
1800 (Stratagene). This method
spots approximately 4.5 nanograms
of PCR amplicon per pin strike when
using a0.7mm diameter solid pin.
It'simportant to note that 2N NaOH
should be freshly prepared from
NaOH pellets. The percentage of
DNA that is denatured decreases
when “old” (greater than 2 weeks)
NaOH is used to prepare the denatu-
ration solution.

Immobilization Method Comparison
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Figure 1: A comparison of methods for immobilizing DNA in arrays onto Nytran nylon membranes
using UV cross-linking, baking at 80° C, and air-drying.

Figure2: Anarray spotted as a series of 2x2
grids. Thisset of arrays represents 3-globin
amplicons spotted with 0.7 mm solid pin from
BioRobotics and hybridized to a complemen-
tary probe labeled with psoralen-biotin.

B. Post-Grid Protocol: The post-
grid denaturation protocol callsfor
placing 100pg/ml of PCR amplicon,
diluted in TE, into the appropriate
wells of amicrotitre plate (source
plate). The PCR amplicons are spot-
ted (arrayed) onto Nytran nylon
membrane, after which they are
denatured by incubating the mem-
brane on S& S GB004 paper soaked
with 0.4N NaOH/3M NaCl for 5
minutes, followed by neutralization
on paper soaked with 6X SSC for 5
minutes. Asan aternative to the
paper method, the process can also
be carried out by dipping the arrayed
membranes directly into containers
with denaturant and neutralization
solutions. Thearrayed DNA is
immobilized viaUV crosdinking at
120 mjoules/cm? using a Stratalinker
1800 (Stratagene).  With this
method, asingle pin strike with a
0.7mm diameter solid pin yields
PCR amplicon spots of approxi-
mately 6.0 nanograms when the
DNA isinasolution of TE.

I mmobilization Method
Comparison

UV crosdlinking, baking at 80°C, and
air-drying are all methods for attaching
DNA to nylon membranes. When
comparing these methods under the
same arraying and detection conditions,
it was determined that the optimal
method for immobilizing DNA to
Nytran nylon membranesis through
UV crosdinking (Figure1). Thedata
in Figure 1 was generated asfollows:




1. PCR amplicons were spotted imme-

diately after heat denaturing using a
0.7mm pintool. They were spotted
onto 0.2um Nytran N and 0.45um
Nytran SuPerCharge nylon mem-
branesin aseries of 2 x 2 double
offset arrays (Figure 2).

. The membranes were cut into three
sectionsin order to compare three
immobilization methods. One sec-
tion was air dried for 3 hours,
another section was baked for 30
minutes at 80°C, and the third sec-
tion was UV cross-linked, 120
mjoules/cn?, using a Stratalinker
1800 (Stratagene).

. The membranes were prehybridized
for one hour at 42°C (50% for-
mamide, 5X SSC, 5% casein, 1%
SDS) followed by hybridization
overnight at 42°C with 15 ng/ml of
probe. The probe represented asin-
gle, psoralen-biotin labeled ampli-
con ([3-globin), or amixture of al
four, psoralen-biotin labeled ampli-
cons (pUC, 3-globin, a-tubulin, and
vimentin; each a 15 ng/ml). The
psoralen-biotin labeled amplicons
were purified by QIAquick™ 96
well PCR purification-plate
(Qiagen), and then labeled using

S& S's psoraen biotin procedure
(12).

. Membranes were washed 2 timesin
2X SSC/0.1 % SDS, for 5 minutes
each, at room temperature, followed
by 2 timesin 0.1X SSC/0.1 % SDS,
for 5 minutes each, at 68°C.

. Membranes were blocked for 1 hour
in1X TBS3 % casein/ 0.1 % SDS
at room temperature.
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C. Signal Intensity vs[DNA] — Post vs Pre-grid denaturation
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Figure3: Compares source plate DNA concentration to hybridization signal intensity for both

6. Incubated for 1 hour at room tem- Post and Pre-grid denaturation procedures.

perature in blocking solution con-
taining S& S's streptavidin-alkaline
phosphatase conjugate at the sug-
gested 1:1650 dilution.

. Free conjugate was removed by
washing 3timesin 1X TBS0.1 %
SDS, for 10 minutes each, at room
temperature and then 1 timein 1X
TBSfor 5 minutes at room tempera-
ture. Excess buffer was removed

from the membranes, and then CDP
Star® (Tropix) substrate was added
for 5 minutes. Excess substrate was
removed, and the membranes were
sedled in areaction folder. The reac-
tion folder was placed in a cassette,
and exposures were taken at 37°C
and room temperature using Kodak
BioMax film. Different exposures
were collected to insure that all data

collected and digitized was within
thelinear range of the film.

. Thefilm was scanned with a

Mustek 600 |11 EP Plusflat bed
scanner. Images were acquired with
PhotoMagic (Micrografx Inc.), digi-
tized by Un-Scan-It (Silk Scientific
Corp.) and analyzed using Prism
(GraphPad Software).



Thegraphin figure 1 was generated
using the pUC amplicon dataand isrep-
resentative of data collected for the other
3amplicons. Theresults show that the
optimal immobilization method for both
Nytran SuPerCharge and N membranes
isUV crosdlinking (Figure 1.)

Effect of DNA
Concentration on
Hybridization Efficiency

Optimal detection characteristics can
be influenced, in part, by the concentra-
tion of DNA onthe membrane. Either
low or high concentrations of DNA can
give riseto poor detection signal.
When too much DNA is gridded onto
the membrane, hybridization efficiency
is reduced due to steric interference of
“DNA ontop of DNA”. Using both
pre-grid and post grid denaturation pro-
cedures, we determined the optimal
concentration of DNA that should be
present in the source plate. The exper-
iments were performed exactly as
described above, except that the source
plate contained atitration series of PCR
amplicons ranging from 5 to 400ug/mi
(Figure 3a-c). The data shows that the
optimal concentration for source plate
PCR ampliconsis 100 pg/ml. This
concentration provides the best balance
between signal intensity and amplicon
utilization.

An additional experiment was per-
formed to evaluate the affect of multi-
ple pin strikes on signal intensity.
Using atitration series ranging from
0.5 to 500pg/ml, PCR amplicon (pUC
amplicon) was spotted onto each of
three membraneswith 1, 2, 5, or 10
strikes. A strike is defined as the num-
ber of timesthat the pin tool dipsinto
the source plate and transfersfluid to a
single spot on the membrane. Figure 4
shows the effect of multiple pin strikes
at different DNA concentrationsin the
source plate. The data suggests that
multiple pin strikes do not lead to an
additiveincreasein signal intensity, but
that optimizing the source plate DNA
concentrations together with asingle
pin strike provide the most efficient
method of spotting arrays.

Multiple Pin Strike vs Signal | ntensity
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Figure4: Theeffect of increasing pin strikes vs. source plate DNA concentration. A pin strikeis
defined as a single transfer of DNA from the source plate to a spot on the membrane surface.
Multiple pin strikes involve multiple transfers from the same well in the source plate to the same
spot on the membranes. Pin strikes of 1, 2, 5, and 10 were evaluated for DNA concentrations of 0.5,

5, 50, and 500 pg/mi.
Discussion

Schleicher & Schuell recommends two
protocols for building arrays on Nytran
nylon membranes. Pre-grid denatura-
tion allows for denatured DNA to be
placed directly onto the membrane
obviating the need for any post-grid
processing. Post-grid denaturation
requires that DNA be spotted onto the
membrane followed by denaturation.
There are severa factors that must be
considered when deciding which
method to use. Pre-grid denaturation
requires the disposal of valuable source
plate PCR amplicons after the array (9)
has been completed. Denatured DNA
remaining in the source plate cannot be
re-used and should be discarded since
DNA stored under basic, denaturing
conditionswill deteriorate over time.
Post-grid denaturation does not waste
valuable PCR amplicons, but it does
require extratime and effort to denature
and process thefilter. Both methods are
especialy robust and prepare arrays
that are reproducible with similar
hybridization and signal intensities
regardless of amplicon size, i.e., ampli-
cons between 116 and 1,300 base pairs
behaved similarly.

We have also evaluated other array
methods in addition to our recom-
mended procedures. Heat denaturing

the amplicon prior to arraying works
quite well if the array can be spotted
immediately. Otherwise, asafunction
of time, “snapback” or re-annealing of
the DNA prior to spotting can occur.
This phenomenon reduces the amount
of single-stranded DNA available for
hybridization. With this procedure,
thereis no PCR amplicon waste nor is
there any post denaturation process, but
spotting must be completed within 30
minutes of denaturation.

Other denaturation methods include a
variety of chemical denaturation proce-
dures. Ingeneral, thosethat use

NaOH to denature DNA have produced
decent arrays as long as the NaOH used
isfreshly prepared. Our recommended
pre-grid chemical denaturation protocol
also requires the use of NaOH.
Although we recommend the 30 minute
37°C pre-incubation step, we have
recently shown that this protocol can be
successfully executed without the pre-
incubation step with PCR amplicons
between 113 and 1,300 base pairsin
length. In our hands, the pre-incuba-
tion step has been a highly reproducible
procedure providing excellent denatu-
ration of source plate DNA, since heat
in combination with base produces a
more uniform and complete denatura-
tion than either heat or base by itself.



DNA concentration in the source plate
is another important consideration
when planning an array. Clearly, DNA
concentrations below 100ug/ml in the
source plate will lead to wesker signal
intensities. Those greater than
100pg/ml don't produce enough of an
increase in signal intendity to justify the
extra effort and cost required for con-
centrating the DNA. Infact, very high
DNA concentrations of 400pg/ml and
above tend to produce decreasesin sig-
nal intensity. AsDNA concentrations
increase without an increase in spot
size, the DNA beginsto layer on top of
itself. This decreases the percentage of
DNA accessible to hybridization. The
datain Figure 4 agrees with this expla-
nation since multiple pin strikes on the
same spot placing DNA on top of DNA
fail to produce the expected additive
signal intensity increases. It's also pos-
sible that multiple pin-strikes at the
same spot on the membrane may pro-
duce enough damage to decrease the
hybridization efficiency, thus lowering
signd intensity.

In conclusion, PCR amplicons and/or
cDNAs can be spotted in arrays on

Further Information

Nytran N or SuPerCharge nylon mem-
branes and detected using chemilumi-
nescent or radioactively labeled probes.
Both the pre-grid or post-grid denatura
tion procedures provide robust methods
for array preparation. The source plate
DNA concentration and solution chem-
istry will determine the amount of DNA
in each array spot. The optimal DNA
source plate concentration should be
determined for each application and pin
type. When using BioRabotics 0.7mm
(or 0.4mm) solid pin tools, we recom-
mend a source plate DNA concentration
of 100pg/ml and asingle pin strike.

UV light provides optimal DNA immo-
bilization to the membrane surface.
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