
The implications of nitrogen on the fermentative growth extension of 

Saccharomyces cerevisiae by isoproturon  

M. Candeias
1,2

, I. Alves-Pereira
1,2 and R. Ferreira

1,2

1 Instituto de Ciências Agrárias e Ambientais Mediterrânicas (ICAAM-CTA), Universidade de Évora, Núcleo da Mitra, 
Apartado 94, 7002-774 Évora, Portugal 

2 Departamento de Química, Escola de Ciência e Tecnologia, Universidade de Évora, Rua Romão Ramalho 59, 7002-554 
Évora, Portugal 

The peptone is used to provide nitrogen to Saccharomyces cerevisiae, which is an essential element for growth. 
In nature and in industrial musts, essential nutrients for yeast growth are available in complex and variable flux. 
Some of these compounds are herbicides, where some specific microorganisms are capable to mineralize or 
degrade into more basic and less harmful compounds to the environmental. The isoproturon (IPU), a phenylurea 
used as an herbicide, is a compound very difficult to degrade in soils and aquifers, reaching levels considered 
toxic by European legislation, contributing to both surface and ground water pollution, and it may be also 
involved in the triggering of serious illnesses. So, it’s urgent to discover biological models to contribute to 
degrade or eliminate phenylureas in situations of accidental or systematic contamination.  

The main target of this study was to evaluate the influence of nitrogen to extend the fermentative phase of S.
cerevisiae by IPU, using the wild-type strain UE-ME3 deposited in the collection of Enology Laboratory of 
University of Évora, Portugal.  

Cells at mid-exponential phase were inoculated in presence of 100µM IPU in YEPD or YED medium and 
incubated during 72 h with orbital stirring, at 28 ºC. Samples from each treatment were used to obtain OD, cfu, 
dry weight and to prepare post-12000 g supernatant for determination of protein [1], glutathione (GSH,GSSG) 
[2] and malondialdehyde (MDA) [3] contents, and cell capacity to scavenge free radicals by the 2,2-diphenyl-1-
picryl-hidrazil (DPPH) [4] method, as well as, enzyme activities catalase T (CAT T) [5], glutathione reductase 
(GR) [6], glutathione peroxidase (GPx) [7], glucose-6-phosphate dehydrogenase (G6PD) [8], alcohol 
dehydrogenase (ADH) [9], malate dehydrogenase (MDH2) [10] and lactate dehydrogenase (LDH) [11] by 
fluorescence and spectrophotometry. The post-12000 g pellet was also used for protein content and enzyme 
activity catalase A (CAT A) determination.  

The results show that yeast grown in presence of IPU in peptone starvation conditions (YED-IPU) exhibit at 72 h 
a differential growth profile, with cfu, OD, dry weight and level of protein lower than cells grown in YEPD-IPU. 
The same type of response was detected in terms of antioxidant power estimated by the GSH/GSSG ratio and 
ability to scavenge free radicals detected by DPPH, as well as the levels of enzyme activities CAT T, CAT A, 
GR and G6PD which appears much lower in yeast cells grown in YED-IPU medium. On the other hand, cells 
exposed to IPU in YEPD medium exhibited fermentative activities, ADH and LDH, higher than those detected in 
cells exposed to phenylurea in the restrictive nitrogen medium, YED-IPU. This set of results suggests that yeast 
grown in rich medium, YEPD-IPU, remained more fermentative than those grew up in restrictive YED-IPU 
medium. This interpretation maybe confirmed by higher levels of glutathione and MDA contents, as well as 
enzyme activities GPx and MDH2 detected in S. cerevisiae exposed to YEPD-IPU which started early the 
respiratory-fermentative transition. So, S. cerevisiae grown in the nitrogen starvation conditions may more easily 
recognize isoproturon as substrate and expand its fermentative phase.
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Immobilization of microorganisms on inert supports is widely used for wastewater treatment since this strategy 
leads to a more efficient process. In this study, the biodegradation of a large range of feed malathion 
concentrations between 5 to 140mg/dm3 using acclimated activated sludge culture was achieved. The 
performance of a laboratory scale reactor (Packed Bed Reactor) treating malathion using crushed olive kernels as 
carrier for cell immobilization was investigated. The ability of mixed microbial community to use malathion as a 
source of phosphorus and sulphur nutrition was also evaluated. The results obtained indicate that microorganisms 
tested were able to degrade malathion. The activated sludge was found to be able to use the malathion as the sole 
phosphorus source. In contrast, the degradation ability of the activated sludge was lost when the pesticide was 
used as the sole source of sulphur. The degradation capacity of the Packed Bed Reactor was higher than the 
performance obtained with the batch reactor. Reactor packed with crushed olive kernels permitted a complete 
degradation of malathion (10mg/ dm3) within 12h.   
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