
To obtain the maximum amount of information from the
smallest amount of a sample is one of the major goals of
analytical science. In molecular biology and all molecular-
based life sciences there is also a broad demand for highly
parallel analysis. Microarray technology is the answer to
this demand. It enables massive parallel determination and
multiple measurement of a variety of binding events to be
performed simultaneously. It has, in addition, the advan-
tage of requiring modest investment of labour and might,
therefore, save much time and be automated easily. Mi-
croarrays usually consist of many microscopic spots each
containing identical molecules, i.e. receptors, probes, or
targets. The number of spots can vary from less than one
hundred to several hundred thousand. The molecules are
attached to a solid support which can be made from glass
or a polymer. The primary task of a microarray experiment
is to detect many binding events simultaneously.

Most applications use fluorescence as a label to detect
the binding events. Before the experiment the sample must
be labelled by means of a suitable fluorochrome. Binding
is achieved in a separate incubation step and the final re-
sult is acquired after drying of the microarray. Modern mi-
croarray readers usually, therefore, acquire information about
the fluorescence intensity at a given time of the binding
process. Many applications have been reported during the
past two years, mainly in the area of transcription analysis
[1, 2, 3]. Most experiments compare two states of a cell
type, under different conditions, to identify the relevant
activated genes. Progress into more analytical and diag-
nostic applications is still slow, because quantitation of
the results still is a problem and fabrication methods are
not yet sufficiently reliable to enable production of larger
series. The fluorescence intensity measured in microarray
experiments represents the amount of bound, i.e. labelled,

analyte; this depends on the concentration in the applied
solution and on the affinity of the binding partners and the
time allowed for binding. It is not usually possible to dif-
ferentiate among these influencing factors in the usual
arrangement. The physical situation of the microarray ex-
periment can, moreover, withstand high selectivity when
the association rate constant dominates the result, as has
been outlined recently [4]. From biosensor technology we
have learned to analyse complete binding processes on
surface-immobilised receptors by combining optical or
electronic signal transduction with microfluidics. To over-
come the limitations of microarray technology develop-
ments are under way to facilitate measurement of binding
kinetics in the microarray format. Homogeneous sample
flow over the whole microarray is one technological prob-
lem that has recently been solved in our laboratory by use
of computer-aided simulations. Finite element calculations
were used to optimise the design of the flow cells [5].

The scientific community is still waiting for the success-
ful expansion of label-free means of detection from bio-
sensors to microarrays that is so easily envisaged by ex-
trapolating biosensor principles such as surface plasmon
resonance, quartz microbalance, or other transducing mech-
anisms [6]; it seems, however, to be rather difficult to trans-
form these principles to larger surfaces. Progress in detec-
tion methods employing fluorescence has, on the other
hand, been achieved by significant enhancement of the
signal-to-noise ratio, by use of evanescent field excitation.
Background was reduced by a factor of approximately
eighty [7]. The same group has recently described a fur-
ther step to even better S/N ratios – use of two-photon ex-
citation in a planar wave-guide device [8].

Binding reactions are, however, only one type of bio-
chemical process that might be observed in parallel and in
real-time. Enzymatic reactions on immobilised substrates
or templates might also be observed by use of a flow-
through scanning device. As has been shown recently, sin-
gle measurements with optical biosensors for a single type
of substrate [9], parallel detection, and comparison of a
variety of substrates or templates are now accessible in a
single experiment. To demonstrate the power of the ap-
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proach, we chose a restriction endonuclease. Oligonucleo-
tides containing the restriction site, or a variation thereof,
were immobilised on the microarray surface by covalent
coupling. Glass slides were used in the format of the
cover slips normally used for optical microscopy. After
immobilisation the complementary DNA strand in solu-
tion attached to a fluorochrome binds to the immobilised
DNA strand by hybridisation. The hybridisation process
is performed by applying the three labelled oligonu-
cleotides to the surface in a single solution. Because of the
individual binding of the complementary strands this ex-
perimental step results in a labelled double-stranded
oligonucleotide in each spot, as demonstrated in Fig. 1a
(left), in which all the spots can be identified. The now
doublestranded DNA fragment serves both as binding re-
ceptor for the enzyme and as substrate to be cleaved by
the enzyme activity. The last step in this experiment, the
action of the enzyme, can be controlled by addition of the
cofactor Mg2+. Binding of the enzyme alone does not gen-
erate any signal, because the enzyme makes no contribu-
tion to the fluorescence signal and the fluorochrome at-
tached to the DNA is not affected by the binding. After
addition of the cofactor the enzyme is switched on and re-
lease of the fluorochrome, i.e. dissociation of the cleaved
DNA strand, is observed. This is demonstrated in Fig. 1a
(right), where the spots in which the DNA is cleaved by
the enzyme (e.g. spots B2, F5) are readily identified by
the decrease in the fluorescence intensity. In the spots in
which the DNA does not have this specific sequence (e.g.
spot D10), the intensities remain unchanged, as expected.

In Fig. 1b the enzymatic reaction is observed in real-time.
Initiation of the reaction is marked by the addition of the co-
factor. Comparison of the three spots shows the dependence
of the enzymatic reaction on the sequence. The intensity de-
creases for DNA with the recognition site (B2, F5) or does
not change if the recognition site is absent (D10).

The method of real-time observation of a variety of
spots in a microarray format might serve not only to ob-
tain more information from the single spot in “classical”
microarray applications, but might also be the platform
for more complex analysis in the context of functional ge-
nomics. Parallel measurement of proteins in their active
state will be the challenge in advanced genomic-based life
sciences in the years to come.

References

1. Nature genetics 21 Supplement (1999)
2. Schena M (2003) Microarray analysis. Wiley, New York
3. Nature genetics 32 Supplement (2002)
4. Bier FF, Kleinjung F (2001) Fresenius J Anal Chem 371:151–

156
5. Schmitt D, Ruf HH (2002) http://www.ibmt.fhg.de/Produktblaetter/

CS_flusssimulation_en.pdf
6. Jung A (2002) Anal Bioanal Chem 372:41–42
7. Pawlak M, Schick E, Bopp MA, Schneider MJ, Oroszlan P,

Ehrat M (2002) Proteomics 2:383–393
8. Duveneck GL, Bopp MA, Ehrat M, Balet LP, Haiml M, Keller

U, Marowsky G, Soria S (2003) Biosens Bioelectron 18:
503–510

9. Bier FF, Kleinjung F, Schmidt PM, Scheller FW (2002) Anal
Bioanal Chem 372:308–313

53

Fig. 1 Real time measurement in a
microarray. The figure shows the time
course of hybridisation and enzyme
activity in three spots out of an array
of 66. (a) (left) Microphotograph of
the array after hybridisation of la-
belled complementary strands, spot
spacing 500 µm. (right) Microphoto-
graph of the same array 30 min after
addition of the cofactor (Mg2+, 
2 mmol L–1) and enzymatic cleavage.
In the spots where the fluorescence in-
tensity decreased, the DNA with the
recognition sequence of EcoRI has
been immobilised (B2, F5). The DNA
without the recognition sequence has
been immobilised in the spots where
the intensities remain unchanged at a
high level (D10). (b) Decrease of the
fluorescence intensity as a result of
enzymatic cleavage is shown in real-
time in spots where the DNA has been
cleaved by the enzyme (B2, F5) com-
pared with the spots where the DNA
has not been cleaved (D10)


