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ABSTRACT  
 
 

Molecular biomarkers refer to specific genes and/or its products present in ecosystems which have 

been exposed to physic or chemical alterations as a result of anthropogenic activities. These molecules 

are useful to estimate both change and spread of the damage level. The studies of DNA specific 

sequences, gene expression and proteins production allow to understand the consequences of the 

presence of specific pollutants or its mixtures in different ecosystems, but mainly in aquatic 

environments. To date, different gene targets have been used to understand the consequences derived 

by the introduction of specific pollutants into the environment and serve as excellent tools for 

environmental toxicology studies. In this review, some of the most commonly reported molecular 

biomarkers used to monitor the environmental impact in aquatic ecosystems and the pertinent 

considerations when they are used in environmental risk assessment studies are described.  
 
 
 
INTRODUCTION 
 
The measurement of environmental risk derived of the 

growing socio-economic activities demand the fast 

development of effective and reliable tools, able to 

estimate the effects of different pollutants in the 

ecosystems. The measurement of different 

biochemical, histological, morphological and 

behavioral parameters has been commonly used to 

monitor the impact in ecosystems (Peakall, 1994; 

Peakall and Walker, 1994; Vincze et al., 2015). 

However, these approximations could just be final 

observations of a sub-lethal chain of events, in which 

case, would allow to better explain the effects derived 

from the introduction of the pollutant. Thanks to the 

advances in molecular biology now, there are available 

tools that allow the identification of molecular 

biomarkers, such as the translation of specific proteins, 

quantification of mRNA from specific genes related 

with the presence of pollutants and the identification 

and quantification of changes in the structure or 

sequence of DNA, among others. All of these strategies 

are named molecular biomarkers. 
 
Molecular biomarkers allow to identify biological 

responses at different levels, e.g. the whole organism 
 

 
 
 
(animal, plant, bacteria, etc.) or its compartments 
(tissues, cells, sub-cellular organelles) once the 
pollutants or chemical stressors are present in the 
environment. This approximation allows to know 
sub-lethal metabolic and physiological reactions in 
different types of organisms (Muñoz et al., 2015; 
Giuliani and Regoli, 2015; Milan et al., 2015). 
Additionally, molecular biomarkers can permit the 
integration of typical measures of physical-chemical 
pullulans and biological responses (Capela et al., 
2016). 
 
For the development and use of a molecular 
biomarker, it is necessary to know variables that 
could affect their expression and, in consequence, 
lead to confuse interpretations. These variables are: 
i) physical parameters such as the geography, 
weather conditions, mineral compositions of water 
and sediments and anthropogenic impact; ii) the 
pollutant or the stressor itself, which generally is a 
mixture of organic molecules or metals with 
different solubility and different ability to be taken 
from the ecosystem; iii) target species, that could be 
either endemic or introduced and iv) molecular  
biomarkers, the specific molecule or response used  
to measure the extent of the impact. In this review, 
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