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ABSTRACT

We report an easy-to-use, 384-pin hand-
held arraying and replicating device (ARD)
for constructing high-density replicas of nu-
cleic acids and E. coli transformants. We
have modified an existing 384-pin tool to in-
clude a novel guide system to ensure verti-
cal pin movement and enhance repro-
ducibility. An asymmetric rectangular
multiplexing frame is designed to increase
the array density to 1536 dots on a standard
microplate-size nylon membrane and to re-
duce the time and effort involved in produc-
ing array replicas. Our initial studies used
the ARD to construct 1536-dot arrays of
ovarian cDNA clones. We have hybridized
these arrays with 32P-labeled probes, which
resulted in distinctive signals for either vi-
sual interpretation or semiautomatic spot
detection and signal integration.

INTRODUCTION

For the past 25 years, biologists
have focused on the analysis of individ-
ual genes or proteins. With the develop-
ment of new methods such as differen-
tial display (3) and mass-sequencing of
entire libraries (7,12), science has come
one step closer to the study of complex
systems. High-density cDNA and olig-
onucleotide arrays permit the parallel
monitoring of transcript levels in cells
of different tissue types or under differ-
ent physiological conditions. Original
descriptions used arrays of DNA on ny-
lon membranes (1,2,6,8) and used 32P
and 33P for detection. Recently, glass
and silicon supports have been de-
scribed that greatly increase array den-
sity and allow for detection with fluo-
rescent compounds (10,11). Arrays can
consist of known genes gathered from
DNA sequencing (8) or cloned genome
fragments (1,11), or they can be com-

prised of unknown cDNAs selected at
random (2,6,8). The DNA can be dot-
ted in the form of polymerase chain re-
action (PCR) products (10), as DNA
from minipreparations (8) or through
colonies with subsequent lysis on the
membrane (1,2,6). The interrogating
probes range from single sequences for
genomic screening (1) to first-strand to-
tal cDNA from different tissues whose
transcript patterns are thus monitored
(2,6,8,10).

Dotting on glass slides at high densi-
ty requires special devices for both dot-
ting and reading (10,11). Dotting on
membranes can be either performed by
an automatic robotic device (1,2,6,8) or
a handheld pin tool, depending on the
number of clones to be arrayed and
their density. Both the robotic and the
manual systems use 384-well mi-
croplates for template storage and 384-
pin print heads. Though robotic meth-
ods are more accurate and rapid, they
are also significantly more expensive
and require dedicated laboratory space.

To address these concerns, we de-
signed and built a new handheld 384-
pin replicator capable of dotting 1536
specimens on an area of a 96-well
plate. The stamp-like dotting process is
performed with ease and high accuracy
and can produce multiple replica arrays
within a few hours.

MATERIALS AND METHODS

The following is a general descrip-
tion of the arraying and replication de-
vice (ARD; Figure 1) that includes its
dimensions and its features. Detailed
instructions on how to construct the de-
vice, including the technical drawings,
can be found on our World Wide Web
site (http://chroma.mbt.washington.
edu/ARD). The construction of the
ARD took several weeks of repeated
visits to the University of Washington
Scientific Instruments Division, Seat-
tle, where we applied the modifications
described below. The final costs, in-
cluding labor, amounted to approxi-
mately $3500. In a rough estimate, a
second ARD could be built for $1500
to $1700. The materials the ARD were
made from are commonly available,
such as polycarbonate for the device it-
self and for the retaining frame (from
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sheets of 9.5-mm thickness) and the
aluminum for the multiplexing frame
(from sheets of 12.7-mm thickness).

The Printing Head

The 384-pin printing head is a com-
mercially available Multi-Blot Replica-
tor (Model VP 384; V&P Scientific,
San Diego, CA, USA) with a modified
pin size. The original pin diameter was
approximately 800 µm with a conical-
shaped tip. We asked the manufacturer
to reduce the pin diameter to 450 µm
with a flat tip, which would facilitate
the 1536 array density by reducing dot
overlap. Each new pin delivers approxi-
mately 25 nL of solution to each dot.

The ARD Case

The case of the ARD is essentially a
box made from Plexiglas in which the
print head can slide up and down. This
box consists of an upper part (external
dimensions [in mm; length, width and
height, respectively]: 150.1 × 101 × 28;
internal dimensions: 134.3 × 80.2 × 22)
with a round hole for the handle of the
print head, and a bottom part (external
dimensions: 150.1 × 101 × 19.7; inter-
nal dimensions: 123 × 81.6 × 19.7)
screwed onto the upper part with three
4.76-mm, allen-cap screws. The bottom
part of the case is thus open on both
ends, which, when screwed on the up-
per part, enables the pins of the print
head to reach out of the box (Figure 2,
A and B). The bottom 13 mm of the
bottom part have been further drilled
down to outer dimensions of 135.2-mm

length and 98.5-mm width to accom-
modate the multiplexing frame 
(described below). The metal spring
(45-mm-long, 30-mm-wide, 2-mm-
diameter stainless steel), which encir-
cles the handle and which is secured by
a Plexiglas disk at the top of the handle,
makes the print head snap back to its
retracted position inside the case once it
is pushed down (Figures 2B and 2A).
The print head comes with two align-
ment pins attached to the extreme top
left and right edges of it. These pins
slide into two alignment grooves that
were drilled in the bottom part of the
case and serve as a guiding system for
the print head. This ensures that the
pins travel vertically and will not touch
the walls of the sample storage mi-
croplate. This also ensures accurate and
reproducible sample uptake and deliv-
ery to the surface of a nylon membrane
or agar plate. 

The bottom part of the case has the
exact inner dimensions and shape to fit
over a standard 384-well plate in only
one orientation (Figure 2A), and has on
its bottom side an asymmetric array of
7 pins that punch orientation holes into
the membrane. This thus unmistakably
marks the dotted area in its four corners
(Figure 2B, arrow). This feature helps
when cutting out small pieces of mem-
brane as close to the dots as possible,
even if the arrayed dots have dried and
therefore are no longer visible. Further-
more, the case protects the fragile pins
from bending.

The Retaining and the Multiplexing

Frame

The retaining frame (Figure 1) is
comprised of two polycarbonate plates
of 215 × 300 × 9.5 mm and two poly-
carbonate side panels of 11-mm width
and height and 215-mm length, glued
to the short sides of the lower plate. The
nylon membrane is held between the
upper and the lower plate. The upper
plate is held in position by the two side
panels, and it is tightly secured to the
lower plate by rubber bands (17-mm di-
ameter, 3-mm width) attached to the
lower plate and sliding over eight pins
(3-mm diameter × 24-mm length) ex-
tending from the sides of the upper
plate (three pins on each short side and
one pin halfway down the long side;
Figure 1). The upper plate has four
openings for the access of the ARD.
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Figure 2. Schematic drawing describing the
dotting procedure. (A) Cross section of the
ARD with asymmetric multiplexing frame
(hatched) fitting over a standard 384-well plate.
(B) Cross section of the ARD pushed down on
the membrane. The arrow points to a marker pin.
(C) Scheme for 4 × 384 multiplexing (only 36
dots with 4 × 9 replication are shown). The rela-
tive orientations of the multiplexing frame are in-
dicated outside the dots.

Figure 1. The ARD, the multiplexing frame and one retaining frame (from left to right). The upper
part of the retaining frame is tightly secured to the lower part by eight rubber bands, three each on the
short side and one each on the long side.



With 90 × 144 mm each, these open-
ings are slightly larger than the ARD’s
case that fits into them; the gap is filled
with the asymmetric aluminum multi-
plexing frame (Figure 1). This rectan-
gular frame (inner dimensions [in mm;
length, width and height, respectively]:
135.9 × 90.1 × 12.7) has two adjacent
sides of 3-mm width and two adjacent
sides of 5-mm width each. It fits tightly
around the base of the ARD (Figure 2,
A and B) and less tightly into the open-
ing of the retaining frame. Due to its
asymmetry, it fits around the base of the
ARD in four orientations. This layout
enables the dotting from four different
384-well plates onto the same 7- × 12-
cm area, each dotting being performed
with another orientation of the multi-
plexing frame (Figure 2C).

The Dotting Procedure

For the generation of multiple repli-

Figure 3. Autoradiogram of a membrane containing 1536 human ovarian epithelial cDNAs (1–2
fmol per dot) hybridized with 32P-labeled human ovarian tumor probe. The dots are clearly sepa-
rated and thus suited for automatic spotfinding.
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cas of cDNA arrays, a positively
charged nylon membrane (Nytran®

Plus; Schleicher & Schuell, Keene,
NH, USA) cut to 210 × 300 mm is
placed on 3MM paper (Whatman,
Clifton, NJ, USA) between the upper
and the lower part of the polycarbonate
retaining frame, and the rubber bands
are secured in place. The ARD with the
multiplexing frame attached to its bot-
tom is fitted over a 384-well plate that
holds the specimens (Nalge Nunc Inter-
national, Rochester, NY, USA), and the
handle is pushed down (Figure 2A).
Upon release, a tiny drop of the sam-
ples (ca. 25 nL) is held on the pin tips
by surface tension. The ARD is then
placed into one of the four openings of
the retaining frame and pushed down to
transfer the 384 droplets onto the mem-
brane (Figure 2B). These steps can be
repeated three additional times with the
other three openings in the frame using
the same sample plate, thus generating
four identical replica filters. After print-
ing a set of 384 samples, the pins are
rinsed with water and ethanol and air-
dried for 1 min. Dotting into the same
opening from three additional 384-well
plates with the four distinct orientations
of the multiplexing frame allows the
replication of 4 × 384 specimens (Fig-
ure 2C). With the use of several retain-
ing frames, many identical replicas can
be generated simultaneously.

The ARD combines the ease of one-
hand stamping with the rapid and pre-
cise (replica-) dotting of the samples.
The arraying pins are precisely posi-
tioned over the 384-well plate and on
the membrane. The template selection
options for arraying are extensive and
include purified, cloned DNA (8,11),
PCR products (10) and E. coli transfor-
mants (1,2,6). We arrayed 20 000 
cDNAs derived from normal and neo-
plastic ovarian tissues prepared using a
large-scale minipreparation method (5)
on nylon membranes at 3–5 ng (1–2
fmol) of DNA per dot. Utilizing the
ARD with three retaining frames for ar-
raying the cDNAs, we dotted 144
membranes (12 replicates of 12 mem-
branes of 1536 dots each) at a speed of
approximately 12 replicas in 20 min.

Hybridization

The immobilized DNA was dena-
tured and neutralized on the membrane

using a Southern blot protocol (9).
Each set of membranes was hybridized
with a complex probe consisting of
32P-labeled, first-strand cDNA [30 µg
of total RNA were reverse-transcribed
using SUPERSCRIPT II Reverse Tran-
scriptase (Life Technologies, Gaithers-
burg, MD, USA) and oligo(dT12)
primers with 30 µCi of a 32P[dCTP]
(3000 Ci/mmol) and unlabeled dATP,
dGTP and dGTP at 1 mM each; after
20 min, unlabeled dCTP was added to a
concentration of 1 mM, and the reac-
tion was continued for another 40 min;

this unpurified probe was used for 12
membranes] and washed at conditions
described previously (13). To assess the
amount of DNA that was actually deliv-
ered to each dot, a 30-mer oligonu-
cleotide [5′-GGTGGCCTAACTCCG-
GCTACACTAGAAGG-3′ located at
the ColE1 replication origin region of
the cDNA cloning vector pBK-CMV
(Stratagene, La Jolla, CA, USA)] was
labeled by phosphorylation and hy-
bridized with the membranes (6). The
membranes were exposed to X-ray film
[X-Omat; Scientific Imaging Systems

1090 BioTechniques Vol. 23, No. 6 (1997)

Figure 4. Autoradiogram of two identical replica membranes containing 1536 human ovarian epi-
thelial cDNAs. Membranes were hybridized with a 32P-labeled, vector-specific oligonucleotide. Varia-
tions in intensities are due to variable yields of minipreparations. At first glance, both membranes look
like copies of one another, but upon closer inspection, some minor differences can be observed. Hence,
the low average value of the ratios of the intensities of two corresponding dots, which is 1.02 ± 0.2.
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(Eastman Kodak), New Haven, CT,
USA] for 2 days at -80°C without an
intensifying screen or to a phosphor
capture screen for 16 h, which was read
by a PhosphorImager® 420 (Molecular
Dynamics, Sunnyvale, CA, USA). The
hybridization results indicated that the
dots were clearly separated and evenly
spaced (Figure 3). Replica filters hy-
bridized with the same vector oligonu-
cleotide probe resulted in identical pat-
terns (Figure 4). The visual comparison
of hybridization patterns was easily
performed, as was the automated detec-
tion and extraction of individual spot
intensities using a custom software pro-
gram (R.E. Bumgarner, personal com-
munication).

DISCUSSION

The recently developed methods for
high-throughput differential gene tran-
script-level analysis rely heavily on
custom fabricated technology or use
expensive robotic tools. The handheld
array and replication device described
here approaches the speed and accura-
cy of robotic devices at a small fraction
of the cost of initial acquisition and up-
keep. The ARD is capable of delivering
1536 dots onto a membrane with high
precision and high speed. It delivers a
volume to the membrane that is low
enough to clearly distinguish the dots at
high density, and to eliminate false as-
signment of cDNAs, it fits over a stan-
dard 384-well plate in only one orienta-
tion. Each gridded area is marked in a
characteristic way for easy location and
orientation on a large membrane. Mem-
branes are held in a fixed orientation,
allowing for a fourfold increase in array
density (4 × 384) using a foolproof
asymmetric retaining frame.

We have shown that a substantial
portion of a cDNA library can easily be
arrayed in one day using the ARD.
With 1536 dots on an area of a standard
microplate, the arraying density is the
same as reported for robotic dotting on
nylon membranes for interrogation by
differential hybridization (2,6,8). Ar-
raying 100 000 cDNAs, a significant
portion of a higher eukaryote’s ex-
pressed genes, can thus be performed
within a few days. For a simple organ-
ism such as yeast, even full coverage of
mRNAs can be achieved.

Rescreening of genes found using
representational difference analysis
(RDA) (4), differential display (3) or
RNA fingerprinting (14) can be per-
formed efficiently at low cost and test-
ed with probes from cells at different
physiological states. A few hundred ex-
pressed sequence tags (ESTs) can be
arrayed and hybridized with first-strand
cDNA probe from a few dozen tissues
or cell lines at various conditions,
which will identify the genes associat-
ed with a certain behavior or pathway.
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