Effect of phenolic compounds on the rapid direct enzymatic
detection of β-D-galactosidase and β-D-glucuronidase
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Abstract
β-D-Galactosidase and β-D-glucuronidase are 2 marker enzymes used in the rapid detection of total coliforms and E. coli,
respectively. A range of bioprobes and biosensors have recently been developed for the rapid, direct and in situ detection
of these enzymes. Chromogenic substrates are often used to assay for these enzymes and result in phenolic products being
formed. However, phenolic compounds may also be present in water due to industrial activity. In this study, the effect
of 11 US EPA priority pollutant phenols (PPP) on these enzyme assays were investigated and it was shown that over- and
under-estimation of β-D-galactosidase and β-D-glucuronidase activities may occur due to inhibition or activation of these
enzymes in the presence of these phenolic compounds. The types of inhibition as well as inhibition constant (K i) values
were established for the inhibited activities. Wastewater treatment plant and other effluents (e.g. tannery effluents) may
contain these phenolic compounds at concentrations high enough to inhibit or activate the activities of the marker enzymes,
therefore influencing the rapid and direct enzymatic measurement of faecal contamination using these metabolic marker
enzymes.
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Introduction
For the detection of indicator bacteria such as total coliforms
or Escherichia coli (E. coli), microbial enzyme profiles are a
preferred option compared to classical methods, because the
reactions are more sensitive and rapid to perform and bacteria
can be detected and enumerated through specific enzyme activities (Romprẻ et al., 2002). Chromogenic or fluorogenic enzyme
substrates are used to detect the enzymes b-D-galactosidase
(β-GAL) and b-D-glucuronidase (β-GUD). The chromogenic
enzyme substrates are phenol-based, for example the enzyme
substrates for β-GUD are p-nitrophenyl-b-D-glucuronide
(PNPG) and 5-bromo-4-chloro-3-indolyl-b-D-glucuronide
(XGLU), where PNPG produces ρ-nitrophenol (a yellow colour)
and XGLU produces a blue indoxyl product. The fluorogenic
substrate used to detect β-GUD is 4-methylumbelliferyl-bD-glucuronide (MUG) (Manafi, 1996; 2000). β-GAL is detected
by using the chromogenic substrates chlorophenol redβ-galactopyranoside (CPRG) and o-nitrophenyl-b-D-galactopyranoside (ONPG) (Edberg et al., 1988; Cheng et al., 2002).
As phenolic compounds have extensive industrial applications, they are often found to be present in the aquatic environment (Llompart et al., 2002; Asan and Isildak, 2003). Several
major sources are responsible for the presence of these phenolic
compounds in the environment, e.g. pesticides, bactericides,
wood preservatives and dyes. Phenolic compounds are also
present in pulp processing, petroleum refining, leather tannery,
textiles and plastics (Lee et al., 1996; Angelino and Gennaro,
1997; Pẽnalver et al., 2002; Asan and Isildak, 2003; Lupetti et
al., 2004). Furthermore, phenols may also be found in fertilizers and explosives (Aktas et al., 2006).
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The US Environmental Protection Agency (EPA) lists 11
priority pollutant phenols (PPP), according to their levels of
toxicity, which are characterised by the substituent chloro, nitro
and methyl groups (Angelino and Gennaro, 1997; Llompart
et al., 2002). These 11 PPP compounds are: phenol; 4-nitrophenol; 2-chlorophenol; 2-nitrophenol; 2,4- dinitrophenol;
2,4-dimethylphenol; 4-chloro-3-methylphenol; 4,6-dinitro2-methylphenol; 2,4-dichlorophenol; 2,4,6-triclorophenol
and pentachlorophenol. The European Union (EU) lists the
following 7 highly toxic phenols in its legislation: 2-amino4-chlorophenol; 4-chloro-3-methylphenol; 2-chlorophenol;
3-chlorophenol; 4-chlorophenol; trichlorophenol and penta
chlorophenol (Gonzalez-Toledo et al., 2001). The limits for the
phenols are set at a maximum of 0.5 ug∙ℓ-1 for total phenols and
0.1 µg∙ℓ-1 for each individual phenol (Lee at al., 1996).
Nistor et al. (2002) measured the amount of phenolic
compounds in environmental water samples at different stages
of wastewater treatment. The 3 sources of effluent were at
raw, primary and final stages. The concentrations of phenolic
compounds were as high as 0.114 mg∙mℓ-1 for nitrophenol at
the primary effluent stage and 0.083 mg∙mℓ-1 for 2,3-dichloro
phenol at the raw effluent stage. These results were obtained
by solid phase extraction-liquid chromatography-mass spectrometry (SPE-LC-MS) analysis. Based on these findings, the
concentrations of phenolic compounds used in this study to
examine the effect of interference of these phenolic compounds
on the β-GAL and β-GUD assays were set at 0.1 mg∙mℓ-1 and
0.2 mg∙mℓ-1, respectively.
β-GAL and β-GUD enzymes and their respective activities have been used in the design and development of rapid
and direct in situ bioprobe assays and biosensors for faecal
detection and monitoring (Wutor et al., 2007a;b;c; Fiksdal and
Tryland, 2008). The primary aim of this study was to investigate the potential effect of the PPP compounds at levels commonly found in wastewater on β-GAL and β-GUD activity
assays using the substrates PNPG and CPRG.
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