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a b s t r a c t

Sequential injection analysis systems have been extensively exploited in the last decades for the imple-
mentation of enzyme based assays aiming the evaluation of enzyme activity or the determination of
specific analytes. The most prominent aspects of the automation of enzymatic assays in these sys-
tems are discussed in this review. Special attention is devoted to the mode of enzyme manipulation
in homogeneous or heterogeneous media and to the comparison with batch and flow injection enzyme
methodologies. The possibility of implementing strategies for the enhancement of selectivity in specific
determinations is also addressed. The more recent trends in this field are discussed focusing mainly on
the miniaturization resorting to the lab-on valve platform as well as on the bead injection concept.
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1. Introduction

Analytical methodologies resorting to enzymes have increased
exponentially and gained popularity and significance over the
last decades. This is mainly related with the high selectivity and
specificity of enzymes that enable the determination of single
species in complex samples by means of nonspecific detection tech-
niques [1]. On a distinct perspective, the utilization of enzymes in
analytical methodologies, in replacement of hazardous chemical
substances, results in cleaner processes that are in good agreement
with the present concerns of Green Chemistry, due to their inher-
ent biodegradability. Notwithstanding, some shortcomings such as
high sensitivity to environmental factors (pH, ionic strength and
temperature), dependence on cofactors, limited life-time and inhi-
bition by sample compounds hinder the utilization of enzymes in
some specific situations [1].

The implementation of biocatalytic procedures in flow systems
as an alternative to conventional batch assays, can minimize some
of these drawbacks by guaranteeing an effective control of the reac-
tion conditions, allowing the maximization of enzyme activity [2].
These features are a consequence of the well defined transport con-
ditions inherent to flow systems that result in high reproducibility
during sampling and detection steps. At the same time, since mea-
surements can be performed in non-equilibrium conditions, the
analysis time can be dramatically reduced conducting to faster and
more economic methodologies.

The forthcoming of sequential injection analysis (SIA) in 1990
[3] broadened the scope of chemical analysis by overcoming some
of the drawbacks that hindered FIA routine utilization such as the
continuous circulation of reagents and the need of physical recon-
figuration to perform different determinations. SIA soon showed
to exhibit operational characteristics amenable to the implemen-
tation of enzymatic procedures, namely those common to flow
injection analysis as mentioned above. Moreover, solutions do not
flow continuously in SIA as happens in FIA. This is an important
aspect for automation of enzyme based assays, as waste of enzyme
solutions/suspensions is minimized because well defined portions
are applied in SIA, in opposition to the waste that occurs during
tubing washing between injections verified in FIA.

The research in the field of enzyme based SIA assays has con-
ducted to the publication of about 70 scientific papers, in which
enzymes are used either as catalyst or analyte. A careful analysis
of the literature reveals an exponential growth of the publications
with application in several areas, mainly in the biotechnological,
pharmaceutical and food fields until mid-90s, with a relative slow
down in the past few years (Fig. 1). Hence, this review intends to
summarize and discuss the conjugation enzymes–SIA with the aim
of highlighting the main features, particularities as well as short-
comings of this association, opening new possibilities for further
developments in this field.

Fig. 1. Cumulative distribution by year of papers reporting SIA systems incorporat-
ing enzymatic reactions.

2. Enzymatic applications based on the SIA concept

The most significant features of enzymatic methodologies based
on SIA are defined, to a great extent, by SIA mode of operation as
well as by the particularities of enzyme catalyzed chemical reac-
tions. A schematic representation of a basic SIA system is depicted
in Fig. 2. The core of the system is the selection valve that sup-
ports all the solutions and devices involved in the analysis. The
functioning of a basic SIA system is characterized by the sequential
aspiration of aliquots of solutions to a holding coil followed by the
propulsion of the composite reaction zone to the detector by flow
reversal.

The sequential aspiration of solutions stacked to each other
influences the implementation of analytical methodologies since
it defines the effective overlap of the different aliquots. Focusing
on the automation of enzyme based reactions, it is mandatory
to assure that the implemented sequence enables the contact
between enzyme, substrate(s) and cofactor(s) (whenever needed)
guaranteeing a sufficient mixing in order to maximize the yield of
the chemical reactions involved. On the other hand, the sequence of
aspiration must also assure optimum conditions for the immediate
beginning of the reaction and a reduced dispersion of the enzyme
zone which is usually the last aliquot to be inserted. As discussed
in the following section, the optimization of the sequence of inser-
tion and mixing efficiency of the solutions is one of the biggest
challenges of the automation of enzymatic assays resorting to SIA.

Compared to batch enzymatic analysis, the strict control of reac-
tion time, offered by the computer control inherent to SIA, is the
key feature of SIA as an enhanced automatic approach. In batch
enzymatic procedures, detection generally takes place at end-point
conditions, after substrate exhaustion, requiring reaction times
between 5 and 30 min. In SIA and related techniques, as strict

Fig. 2. Schematic representation of a basic SIA system. C: carrier, P: pump, SV:
selection valve, HC: holding coil, RC: reaction coil, D: detector, S: sample, R: reagent.
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