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Organic matter decomposition and inorganic nutrient regeneration are important in sustaining the
food web in aquatic ecosystems. Heterotrophic microorganisms play a key role in the recycling of

carbon, nitrogen and phosphorus in these systems—the so-called microbial loop (Figure 1).
Utilisation of the macronutrients by microbial communities is dependent on the production of

extracellular enzymes (hereafter, referred to as exoenzymes) for hydrolysing macromolecular
organic materials into oligomeric and monomeric compounds that can be transported

across cell membranes.
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Figure 1. Microbial loop model supplemented with pathways of organic matter trans-formation from primary
producers to bacteria via extracellular enzymatic activity (EEA).

Microorganisms, particularly bacteria, have a number of potential advantages over other
organisms as biological indicators of river health. They are present in very large numbers, grow
very rapidly, are responsible for many ecosystem functions, and probably respond to ecosystem

changes more rapidly than other biological components, certainly more rapidly than
macroinvertebrates or fish. The investigation on the effects of acid rock drainage (ARD) on the
microbial community diversity and function involved the measuring of extracellular enzymatic

activity (EEA) in reference and impacted sites along the East Branch of the Finniss River. The
possibility existed that these measures could be used as rapid, sensitive bioindicators of ARD.

Sediment samples were collected from several sites along the East Branch of the Finniss River
during the dry season (]une, 1999), when the East Branch is drying into a series of ponds. The sites

(refer to Figure 1 in Holden et al., this volume) included those upstream from the Rum Jungle
mine site (EB8A, EB8B, FCA, FCB), a site receiving acid leachate from the waste rock (WO), sites

downstream from the mine that are impacted by acid and metal contamination (EB6, TCP, EB5D,



EB4U, EB2) and reference sites not subject to ARD (HS, EB4S, LFRB). Exoenzyme activities
were measured with a spectrofluorometric technique that involved measuring the increase in
fluorescence when an artificial fluorogenic substrate (that mimics the natural substrate) is
hydrolysed to a highly fluorescent product. This assay system is very sensitive and measures activity
at the nanomolar level five minutes to two hours after addition of the substrate to the sediment
slurry. The activities of the exoenzymes that are responsible for the hydrolysis of the major organic
constituents in sediments were measured. The natural substrate and the relevant enzyme were as
follows: (3-linked polysaccharides, p-D-glucosidase; proteins, leucine-aminopeptidase, and organo-
phosphoric esters, phosphatases. Maximal activities were measured by ensuring that the initial
linear rate of the enzyme reaction was measured and that a saturating substrate concentration
was used.

The activities of phosphatases, leucine-aminopeptidase and p-glucosidase measured in sediment
slurries from impacted and reference sites along the East Branch of the Finniss River are shown in
Figure 2. The highest activities were found for the phosphatases because inorganic phosphate was
limiting for the growth of microorganisms in these environs. Surprisingly, the activities of the three
groups of enzymes were highest at the WO site that receives acid leachate contaminated with
high concentrations of metals. The leucine-aminopeptidase activity was markedly reduced at the
ARD impacted sites, except site WO. Leucine-aminopeptidase is a zinc-containing metalloenzyme
and would be inhibited by the high concentrations of copper, nickel and lead found in the
sediments from the ARD impacted sites.

The activity of p-glucosidase was reduced at the impacted sites, except for site WO and site TCP
that received effluent from the tailings pond. It was noted that the organic matter (OM)
content in the sediment from site WO was very high (about 0.1 g OM g-1 of dry matter)
compared with the other impacted sites (< 0.02 g OM g-1 of dry matter). Linear regression
analysis revealed that the activities of phosphatases and p-glucosidase were significantly (P <
0.05) related to the OM content of the sediment from impacted and reference sites (r2 = 0.89
and 0.70, respectively). Previous studies have shown that in aquatic ecosystems exoenzyme
activity is the rate limiting step in bacterial macronutrient procurement and in general, correlates
with organic carbon levels and bacterial productivity (Chrost, 1991). Therefore, any perturbation
that reduces the input of OM from autotrophic primary production or allochthonous sources into
riverine systems will also decrease exoenzyme activity. Enzyme activity is dependent on the pH of
the assay system. The high exoenzyme activities at site WO could have been due to either an
increase in the quantity of exoenzymes produced by the microorganisms or a shift of the pH
optimum into the low pH region.

These possibilities were investigated by carrying out the exoenzyme assays of sediment slurries
over a range of pH from 2.0 to 10. It was found that phosphatases and (3-glucosidases from acid
impacted sites had lower pH optima; there was no change in the pH optimum for leucine
aminopeptidase. Previous studies have shown that microorganisms can produce acid, neutral or
alkaline phosphatases. Prior to the present study, (3-glucosidase was reported to have a pH
optimum between 5 and 6. The present findings indicate that the ARD impacted sediments
contain acidophilic, heterotrophic microorganisms, bacteria and/or fungi, producing extracellular
enzymes adapted to the acid conditions.

In conclusion, this study has demonstrated that measurements of extracellular enzyme activities in
river sediments provide a rapid, sensitive technique for determining microbial activity and
productivity. In aquatic ecosystems some exoenzymes, particularly leucine-aminopeptidase, could
be used as bioindicators of pollution from ARD. Further characterisation of the acid stability of
exoenzymes produced by acidophilic heterotrophic microorganisms adapted to these ARD
impacted systems is warranted (see Johnson, 1998). The utilisation of these heterotrophic
acidophils has potential for industrial applications such as the degradation of pollutants in acidic
waste waters.
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Figure 2. Exoenzyme activities in the East Branch of the Frnniss River (the location of the sites
is given in the text).
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