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results The results obtained indicate geographical variation in oxidative stress biomarker responses of Limnocalanus. Statistically significant between 
location differences were found in GST, GP, GR, SOD and totGSH (ANOVA p<0.05). The data was reduced with principal component analysis. 
Three first components explained 65 % of the variability in the dataset (26, 20 and 17 % respectively). GST, GR and totGSH formed component 1 (C1), 
GSH/GSSG and LPX formed component 2 (C2) and SOD and GP component 3 (C3). Statistically significant between location differences were evident
 in component 1 and 3 scores (ANOVA p<0.05). Samples collected from locations XV1 and F1 had significantly higher C1 scores (Tamhane's T2 p<0.05) 
compared to samples collected from other locations. Samples collected from XV1, F1 and LL7 had higher C3 scores (Tamhane's T2 p<0.05) compared 
to samples collected from other locations. 

Pattern Matrix

Component

1 2 3

GST 0,447 -0,246 0,063

GP -0,063 -0,100 0,799

GR 0,885 -0,090 -0,015

GSH/GSSG -0,189 -0,826 -0,121

totGSH 0,819 0,192 -0,079

LPX -0,261 0,818 -0,092

SOD 0,019 0,131 0,802

Conclusions

Materials and methods

The samples were collected from several locations in Gulf of Finland onboard 
R/V Aranda on BEAST project's (Biological Effects of Anthropogenic Chemical 
Stress: Tools for the Assessment of Ecosystem Health) cruise GOF-IA (Integrated 
Multidisciplinary Assessment of the Ecosystem Health of the Gulf of Finland). 

The analyses were conducted with EnSpire™ plate reader (Wallac, PerkinElmer 
Life Sciences) using 96- and 384-well plates. We were able to measure altogether 
seven oxidative stress biomarkers from pool samples of 30 Limnocalanus  
individuals, of which five were measured onboard during the cruise. In addition, 
lipid peroxidation was assessed onboard from pools of 15 individuals. Protein 
concentrations were determined with Biorad's Bradford reagent. 

Introduction

Limnocalanus macrurus is a cold-water stenotherm calanoid copepod that has 
circumpolar distribution. It is a glacial relict species; it evolved as a marine 
organism, but now lives in marine, brackish and freshwater environments. 
Limnocalanus is found throughout the Baltic Sea and therefore it may be a good 
indicator species of varying environmental conditions. Oxidative stress biomarkers 
are commonly used for measuring environmental stress levels from various 
organisms.  Zooplankton specimens are, however, extremely small (<0.5cm), 
which poses a major analytical challenge. The aims of our project were: 1) Applying 
oxidative stress biomarker methods for field collected zooplankton, including 
exploration of the possibility of producing real-time biomarker data onboard 
research vessel. 2) Analyzing the within Gulf of Finland geographical variation in 
oxidative stress biomarkers of field collected Limnocalanus. 

Our results demonstrate the possibility of analyzing a set of oxidative stress biomarkers from zooplankton specimen, 
including field samples. We were able to conduct seven different biomarker assays from pool samples of 30 
Limnocalanus individuals (100µl homogenate). In addition, we measured lipid peroxidation from pools of 15 
individuals. The samples were prepared and five biomarkers measured onboard R/V Aranda. Rapid availability of 
results may be useful for outreach purposes.

The field sampling does not allow separation of females and males and different copepodite stages due to requirement 
for fast processing. 

We detected geographical variation in Limnocalanus oxidative stress biomarker responses. Specimens collected from 
XV1 and F1 had high GST, GR, GP and SOD activities and higher glutathione content. Especially in the case of XV1, 
the high biomarker responses may be caused by contaminant exposure from river Kymijoki. In opposite, the 
specimens collected from the westernmost location, F56, had low overall biomarker levels. 

Limnocalanus oxidative stress biomarkers will be used in future integrated assessment of Baltic Sea ecosystem health.
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Location Samples

F1 10

F56 11

LL4A 1

LL5 5

LL7 7

vindaloo 10

XV1 10

Total 54

Biomarker Abbreviation Method Reference

Glutathione-S-transferase enzyme activity GST Kinetic, absorbance Habig,W.H. 1974

Glutathione peroxidase enzyme activity GP Kinetic, absorbance Sigma

Glutathione reductase enzyme activity GR Kinetic, absorbance Smith, I.K. 1988

Reduced glutathione concentration totGSH ThioStar®, fluoresence Arbor Assays

Reduced/oxidized glutathione ratio GSH/GSSG ThioStar®, fluoresence Arbor Assays

Superoxide dismutase enzyme activity SOD Inhibition%, absorbance Fluka

Lipid peroxidation LPX FOX2, absorbance Bou, R. 2008


