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the background reflectivity of the metal plates). Processing the IR spectrum through another
level of transformation, from the spectral wavelength domain into the Fourier Domain
spectrum (FDS) (or delay domain spectrum), can allow isolation of the signal from the
baseline and random (homoscedastic) noise information [97-103]. Whereas the noise is spread
throughout the original spectrum, it appears in the high-delay region of the FDS while the
signal is concentrated into the low-delay region and the baseline information into the very-
low-delay domain. By selecting those variables in the transformed spectrum that correspond
most closely to the signal region(s), the majority of the noise and baseline can be removed.
Variable selection methods are an extremely powerful adjunct to our hyperspectral approaches
[63; 104; 105], and the same RMSEP may often be acquired from a very small fraction of the
variables (e.g. wavelengths) available [106]. Not only can the effective removal of these
variables in the PLS model improve the PLS prediction but such parimonious models are
widely considered to be more robust and to generalise better [107].

PLS performed on the Fourier Domain spectra (FDS) (or delay domain spectra) produced an
RMSEP of 4.12% with 7 regression factors. PLS similarly performed on the FDS from the 0-
5000pg ml™! ampicillin data set produced an RMSEP of 4.28% (8 factors; data not shown).

Finally, we have used cognate methods to effect the sensitive discrimination of various
enterococci and streptococci [74] and to provide accurate, quantitative estimation of
aristeromycin and neplanocin A (see e.g. [108]) in S. citricolor fermentations; a full
description of the latter is given in the paper by Winson et al. elsewhere in this volume.
However, an important point to be made is that estimations in whole fermentor broths and the
like differ from those in simple mixtures in that the chemometric methods can exploit
differences in the organism or the medium which correlate with metabolite overproduction,
rather than relying solely on spectral features due to the target molecules themselves. This can
serve to give an extremely useful *amplification’ to the method when the target concentrations
are partiocularly low.

4. CONCLUSIONS

Driven in part by the activities of the "remote sensing” community [109], there is much
interest in the rapid acquisition of diffuse reflectance spectral data from various spatial
locations on the earth, detecting hundreds of wavelengths simultaneously (most commonly in
the visible and near infrared), and coupled increasingly to advanced data reduction and
visualization algorithms, an approach that is nowadays often referred to [110-118] as
hyperspectral imaging. Such remote-sensing analyses occasionally use the mid-IR part of the
spectrum [119-122], but one of the problems with this approach to remote sensing is the
strong and variable absorbance of radiation by the atmosphere itself [118; 123; 124], a
problem from which we do not really suffer.

Diffuse reflectance FTIR in combination with a multivariate calibration chemometric
approach to data analysis could be used to effect the rapid quantification of a pharmaceutical
product (ampicillin) in a (variable) biological background (E. coli cells), a situation
representative of metabolite over-production in a screening or titre improvement programme
[46]. Spectral variation contributed by shifting baseline due to instrumental interference and
differences in the biological background between samples (which would have prevented
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accurate univariate calibration) could largely be eliminated by PCA (as seen previously [74])
or by transformation to the Fourier domain prior to forming a model with ANNSs or PLS.
Although diffuse reflectance methods are well known to suffer difficulties in traditional
quantitative work (the concentration region for which Kubelka-Munk theory [125-128] holds,
for instance, is normally quite small (see e.g. [129]), it is clear that the combination of modern
chemometric methods with the diffuse reflectance-absorbance approach overcomes these most
satisfactorily. Thus we have here shown for the first time that the hyperspectral approach
using diffuse reflectance-absorbance spectroscopy, when coupled to modern supervised
learning methods, provides a novel, rapid, general and powerful approach to the problem of
screening for metabolite overproduction in biological and biotechnological systems.
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