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BIOMEDICAL AND PHARMACEUTICAL APPLICATIONS

Jens Ducrée, Basde Heij, Hermann Sandmaier and Roland Zengerle

Absfract Top oot technology

alfow sthe printing of microarrays
on an industrial level it ishased on
a micromachined print hiead incor-
norating pregntly an array of 96
nozrziesplaced at 500um g rid
distance Dropletsin the nf-range
are efected simultaneoudy and on
demand by a pressuire pulse
anplied fo the opan uoper gde of
the nozrzie array. The dropletshit a
carrier side and swbeseguantly ava-
porate to form a microarray of
driad biological subsancesiike
DNA fragments

Refilling of the nozzlestakesplace
through microchannelswhich are
connected to separate reservoirs on
the upperside of the print head. The
spacing of these reservoirscorre-
spondsto microtiter plate format to
provide a convenient interfaceto
standard laboratory liquid handling
robots With a storing capacity of
some Wl of each reservoir, thousands
of identical didescan be printed.
Outputs of 5,000 slides each carrying
several 100 different analytes, which
are dispensed by repetitive printing,
are possible. FPartially and fully auto-
mated devicesincorporating TopSoot
print headswill be available in 2000.

Introduction

For economic reasons, large pharma-
ceutical companiesare expededto
present new drugseach year. The
guest for new drugs has fostered
automated "shotgun® approaches
commonly referred to ascombinato-
rial chemistry. Large librariesof drug
candidates result from the arbitrary
combination of smaller compounds.
Mow adays, gandardised microtiter
plateswith 96 wells, in combination
wiith pipetting and digpensng
robots, are the method of choice for
generating these combinatorial libra-
ries. Furthier miniaturization via 384-
and 1536-well plateswith well-spac-
ing of a few mm onlyisalready avail-
able. Mod experts agree that this
will bethe ultimate barrier forthe
microtiter plate concept.

Microarrays, also referred to asbio-
chips, are commonly considered key
to pharmaceutical research due to
their potential for high-throughput
analysis. In a certain sense, microar-
rayscan be regarded aswell-less
microtiter plateswhere liquid volu-
mesare confined by surface tension
or adhesion/bonding to the carrier.
Inthisway, integration can be
enhanced by some ordersof magni-
tude. Bven for moderate droplet dia-
metersof 200pm and spacing of
500um, densities of 400 spots per om?
can be reached. Thisenablesthe
deposition of thousands of analytes
on astandard microscope slide.
Several techniquesto create these
arrays have been presented so far
Most companiestargeting the low-
price market forlow-and medium-
dendgty biochips(up to 1000 ana-
Iytes) use either contact printing or
ink-jetdike methods for placing the
droplets Onthe high-end side, Affy-
metrix has patented a mask-suppor-
ted photochemical on-chip synthesis
to produce ultrahigh-densty micro-
arrays. A big challenge forall isto
make microarray technology repro-
ducible. Crucial problemsare associa-
ted with the reliability of ggnals
wihich are rooted in: biochemidry
{e.g.attachment of fluorescent dye
to analytes) droplet generation
{variations or failures of spots) and
detection {large background noise,
low signal level).On the other hand,
a prerequisite for the successof
microarray technology on an indu-
strial level iswithout doubt the abi-
lity to produce large volumes of
cheap biochips. In our view, none of
the presently available array writing
devicesmestsall industrial require-
mentson costs, speed and reliability
at the same time. With the develop-
ment of TopSpot at HS3-IM [T and
IMTEK for our industrial partner Bio-
Chip Technologies (Freiburg, Ger-
many), we fulfilled these challenging
demands A robust and scalable
printhead that can beintegrated in
variousmicroarray writerswas sup-
plied. A manually operat ed worksta-
tionup to a fully-automated indu-
strial production plant producing sli-

deseach carrying thousand analyte
spotswith athroughput of up to
5000 slides per day can be construc
ted around thisprinthead.

Qutline of the TopSpot Principle
The TopSoot print head (Fig. 1) con-
sistsof a central silicon w afer sand-
wiched betw esn two Pyrex w afers.
The silicon wafer isstructured by dry-
etching and then gacked by anodic
bonding to the outer Pyrex w afers. A
smaller and alarger window onthe
low er and Upper dde are left unco-
vered Inacentral array, the nozzles
are etched through the full wafer
depth. Each of the nozzle tipsis
structured from the backsde for
optimised droplet release.

Inthe 96-nozzle layout the interface
tothe macro worldisrealized by the
fluid reservoirs (@ 1.5mm}aligned in
two pairsof 24-reservoir rowson the
outer part of the chip. Their 2 25mm-
spacing is chosen according to the
standard 1536-well micotiterplate
format. With appropriate automa-
tion, all reservoirsmay be filled in
two pipetting cycles. The TopSpot
module featuresa so-far unmatched
parallelism on theinput aswell ason
the output side, which is crucial for
the high-speed production of bio-
chips.

The main pathway of the fluidic con-
duits betw een reservoirs and nozzles
issituated onthe bottom side of the
chipwhich issealed by the 150um
Pyrex wafer Bach of these channels
isconnected by two through holes at
its endsto the upper side of the chip
{(Fig. 1) One end directly accessesthe
reservoir. The other through hole
connectsto ashort channel eventu-
ally conduding the fluid to the
nozzle. The liquid is moved by mere
capillary forces. In order to increase
the capacity of fluid storage to about
Sulinthetightly spaced 96-nozzle
layout, the silicon reservoirsare fur-
thermore extended by holesin the
Upper 3mm-thick Pyrex wafer The
reservoirs are covered by a plate
which can be cooled by a Peltier ele-
ment to prevent evaporation.
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Foractuation, a PEEK gamp isused.
A gap of roughly 300um isleft bet-
ween the bottom of the stamp and
the nozzle array. The gamp ispush-
ed towardsthe print head by a piezo
actuator providing very fast, precise
and reprodudble control of the
whole actuation process. Upon
actuation, the €amp movesby about
50pm . Inthisway, a comparatively
large compression ratio DVA can be
reached, guaranteesing a high ampli-
tude of the pressure signal. Dueto
the principle of isotropicpresaure,
the same pressure ramp isapplied to
all nozzlesdriving an array of drop-
letsout of the bottom side of the
chip. In orderto compensate the
pressure gradient after printing, a
tinythrough hole isdrilled acrossthe
stamp (Fg. 1)

=i
7

e [iMbe -

A A

ctabilize after the first droplet array.
Figure 2 digplays a Zmssequence of
the droplet ejection process. It can
be observed that after actuation the
dropletsbreak off cleanly from
nozzle and no satellitesare formed.

The reliability and uniformity of dro-
plet ejection isvery high. Mo dog-
ging or sudden failure during print
cyclesw as observed . Droplet diame-
tersinthe liguid phase primarily
depend on the nozzle diameter For
a series of 1400 consecutive prints of
Dl water, the mean droplet volume
was141nl. The standard deviation
of 0.04nl fallsbelow 3% which is
quite outstanding for volumesin this
range.

AL masray

Fig. 1: Ficture and schematic of the 96-n ozzle TopSpot print head and its actuation.

It isimportant to gressthat TopSpot
technology doesnot addresssingle
nozzles Onthe contrary; all nozzles
see the same pressure ramp leading
tothe simultanecus gjection of all
droplets. For Biochip produdion, this
isno limitation at all.

Results

Wi'e have measured the quality and
reliability of our 24-nozzle TopSpot
print heads Putting the print head
into operation provesto be quite
uncomplicated. After filling the
reservoirs, printing resultsalready

Commercial Implementation
Inthe rapidly evolving biochip busi-
ness thereisa grong request for
reliable migro-arraying machines On
one hand, many laboratories are ill
in an explorative gage of their pro-
prietary biochip technology. Fortheir
puUrposes, compact, moderately pri-
zed micro-arrayersfor the low-
volume production of low- and
medium-densgty biochipsare deman-
ded. Thismarket segment isaddres
sed by our manually operated " Top-
Spot Entry Arrayer” (TopSpot /E)and
the partially automated "TopSoot
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Fy. 2: Droplet formation sequence. Droplets
ejected without satellite formation in a Zms
time interval onto the substrat e situated at
500pm from the print head.

tModular Arrayer' {TopSpot /M ). The
TopSpot/M featuresan extendible
amount of print heads optionally
completed with a contad and ink-
jet printerswhich are already com-
mercially available.

Onthe other hand, some companies
possess ready-to-go solutionsrequir-
ing the highthroughput production
of low-cod biochips To our know -
ledge, no product iscurrently being
offered to serve thisrapidly expand-
ing market segment. Our fully auto-
mated "TopSpot Production Sydem”
envisionsthisintereging market.
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