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Proteomic techniques were used to analyze the protein profile of earthworm, Lumbricus 

terrestris, coelomic fluid collected by either whole body dissection method or the coelomic 

cavity puncture method. Data demonstrated that collection of coelomic fluid using the 

coelomic cavity puncture method protocol resulted in a 32% reduction, 377 +/-4.5 vs 253 +/ - 

19.9 (p = 0.0007), in the number of individual proteins. It was determined that the coelomic 

cavity puncture method yielded a “cleaner” preparation, one less contaminated with 

extraneous proteins from intestinal tissue, gut contents, and body wall materials. This protocol 

was used in all later studies.  

The same proteomic techniques were used to evaluate the effects that exposure to Cu 

(1.0 μg/cm2) as CuSO4 had on the earthworm coelomic fluid profile. Comparison of protein 

profile from exposed earthworms demonstrated a significant reduction in the number of 

proteins expressed (184 ± 2.64 vs 253 ± 19.9 p = 0.0192) when compared to control organisms. 

Cu exposure also resulted in a modulation of the protein profile with treated earthworms 

expressing 47 new proteins that were not identified in unexposed worm coelomic fluid. 

Additionally, 116 proteins found in coelomic fluid collected from normal worms were absent in 

Cu exposed organisms. Finally, 137 proteins were conserved or found in both control and 

exposed organisms; however of these proteins, 24 were up-regulated, 105 were down- 

regulated, and 8 were unchanged as a result of Cu exposure.  
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INTRODUCTION 

Knowledge of the toxic potential and mechanisms of action of pollutants and 

environmental chemicals is critical for determining risk to public wellbeing and environmental 

health. This is clearly demonstrated by the increasing public awareness of the lack of precise 

information on potential hazards of environmental contaminants. Although a variety of 

methods have been developed for determining chemical toxicity and studying their modes of 

action on a series of acute toxic endpoints and sub chronic-chronic processes, only relatively 

recently have researchers become aware of the wide spectrum of chemicals that modify the 

normal physiological and biochemical processes of organisms [1]. Of the many physiological and 

biochemical processes, considerable information on the innate, nonspecific, specific and 

molecular components of the immune system exist, making measurements of the immune 

response a potential candidate for a comparative analysis that emphasizes mechanisms of 

chemical toxicity [2]. Additionally, because immune responses are vital components of host 

defense mechanisms, their suppression or modification can result in increased incidence and 

prevalence of pathogen activity that could negatively influence the survival of the organisms 

and their populations. 

Even though immune system complexity has increased along the course of animal 

evolution, many immune components and functions have been conserved phylogenetically, and 

immune cells in a variety of forms or morphologies can be found in all phyla above Porifera. 

Furthermore, there is sufficient general and comparative information on the immune responses 

and immune systems of invertebrate taxa to validate using their immune function to investigate 

sub lethal toxicity of simple and complex mixtures of chemicals. For these reasons, 
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invertebrates are already towards developing panspecific biomarkers useful in assessing 

environmentally important chemicals on immune defense systems. Furthermore, invertebrates 

are a critical component of all ecosystems, dominating animal biomass, energy flow pathways, 

and nutrient recycling. Evaluation of immunological based toxicity offers the possibility for 

development of biomarkers that are not only extremely sensitive to sublethal exposure, but 

which also are ecologically realistic representations of the bioavailability of environmental 

chemical pollutants. Thus, invertebrates have great potential as nonmammalian surrogates for 

use in: 1) assessing sub-lethal risk of hazardous waste sites to public and environmental 

wellbeing; 2) rapid screening of neat chemicals for negative affects; and 3) assessing the toxic 

potential of complex chemical mixtures [3]. 

Development of an invertebrate immunoassay based biomarker system is also rooted in 

a need for rapid, sensitive, cost-effective, and socially non-controversial, non-vertebrate / non-

mammal surrogate immunoassay protocols that could be used in parallel with existing 

protocols with mammals. An obvious candidate for use as a model organism is the earthworm, 

Lumbricus terrestris. Reasons for using the earthworm (Lumbricus terrestris) in 

immunotoxicological studies include the following [2]: 

 Existence of extensive literature on the basic biology and ecology of earthworms 

 Earthworms use in laboratory and in situ acute toxicity and/or bioaccumulation studies 

 Standard laboratory exposure protocols are developed for earthworms 

 Earthworms are important components of natural agriculture ecosystems, functioning in 

the processing of large quantities of organic materials, and comprise key links in food 

chains 
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 They are cost-effective and socially non controversial research organisms 

 They are relatively easy to conduct laboratory and field research with and to maintain 

and transport to and from hazardous waste sites 

 Their morphology and behavior enable direct exposure in the laboratory or in situ to 

complex mixtures of contaminants and matrices found in or near hazardous waste sites 

 Their high surface area/volume ratio, feeding, and behavior facilitates uptake of 

contaminants 

 Ability to collect immune and humoral factors allows for ease of use in invitro 

immunoassays 

 Ability to easily collect immunocytes allows for in vitro exposure of immune cells to 

toxicants 

 Their tissue are readily compartmentalized and easily isolated for chemical 

characterization by conventional analytical techniques, enabling determination of actual 

tissue-level dose and biological response profiles 

Additionally, using earthworms as the model organism in immunologically based 

biomarkers fulfill requirements for good measurement endpoints, because earthworms are 

fundamental to the wellbeing of ecosystems and any reduction in their populations would be a 

valuable assessment endpoint for pollutants. Earthworms have been widely employed as a 

model organism for many environmental lethal and sub-lethal assays to assess the general 

impacts of inorganic, organic, and mixtures of pollutants in terrestrial environments [4]. Sub-

lethal assays focusing on immunotoxicity measurements have proven to be especially valuable 

since they are relatively sensitive indicators of harm. 
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Proteomic analysis is the direct measurement of proteins based on their relative 

presence and abundance [5]. Proteomics has established itself as a viable tool to for use in 

determining the molecular biology of the whole organism [6] allowing researchers the 

possibility of fully understanding of many biological processes including the immune response. 

The overall aim of any proteomic study is to begin the process of characterizing the complex 

network of cellular regulation [7] and metabolism in an organism. Proteomic studies may yield 

a better picture of an organism’s health status than nucleic acid analysis because examining the 

latter does not yield a full picture of an organism’s overall homeostasis, which can be altered by 

nutritional and environmental condition, and pathogen introduction. Thus, proteomic analysis 

has the potential to yield an understanding of an organism’s ability to express proteins and to 

make a determination if a protein is conditionally expressed, up or down regulated, and 

evaluation of any posttranslational modifications.  

Soluble earthworm coelomic fluid proteins, many thought to be products of immune 

cells and mediators of the immune response, can be assayed using a gel based proteomic 

approach and 2D differential analysis software.  Currently, no studies have been performed 

that assess the effects of chemical exposure on the coelomic fluid profile of earthworms, 

especially at exposure levels shown to be non-toxic by traditional toxicity evaluations.  

Comparison of the normal coelomic fluid profile expressed in earthworms with the coelomic 

fluid profile in earthworms following sub-lethal chemical exposure to an inorganic will advance 

the use of the earthworms as a model organism for use in immunotoxicity based biomarker 

assays.  This study defines the protein profile of earthworm coelomic fluid before and after 

exposure to the metal copper as copper sulfate. 
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This project involves one basic objective: Define the normal earthworm coelomic fluid 

profile, and assess fundamental changes to the normal profile causes by exposure of whole 

organisms to an external agent, in this case, filter paper exposure to copper as copper sulfate. 
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MATERIALS AND METHODS 

Animal Care 

Adult earthworms, obtained through a commercial supplier (C and J Bait, Purcell, OK 

73080), were cultured in plastic containers using moistened commercial peat moss, in an 

environmental chamber at 15°C in continuous light. Earthworms were provided a diet of dry 

baby cereal (Gerber) three times a week for nourishment. All animals were housed for 14 days 

prior to experimentation [8]. 

Collection of Earthworm Coelomic Fluid 

Coelomic fluid was collected using two methods.  The first, whole body dissection 

method, was chosen because of its speed and efficiency, while the second, the coelomic cavity 

puncture method, represents more time consuming, but traditional methodology.   

Whole Body Dissection Method 

Following incubation, worms were removed, placed on a dissection tray, cut into 

longitudinal segments post-clitellum using a razor blade, and the segments placed in 15-ml 

centrifuge tubes.  Samples were centrifuged for ten minutes at 13 x g and the supernatant 

removed and re-centrifuged for an additional ten minutes at 13 x g in 2 ml microcentrifuge 

tubes to remove any remaining particulates contaminating the coelomic fluid. A final five-

minute centrifugation at 16 x g was performed to ensure samples contained no solid matter. 

Samples were placed on ice if assayed immediately, or stored at –70° C if examined at a later 

date. 

 

 



 7 

Coelomic Cavity Puncture Method 

Worms were held down on a dissection tray and a flame sharpened pipette inserted 

under the tegument and through the muscle wall into the coelomic cavity.  Coelomic fluid was 

removed by capillary action and placed in a 2ml microcentrifuge tubes.  The tubes were spun 

for five minutes at 16 x g to remove any particulates that may have been transferred by this 

process.  The samples were then placed on ice if assayed immediately, or stored at -70° C (8).   

Coelomic Fluid Protein Concentration Determination 

Total coelomic fluid protein concentration for samples collected from organisms was 

determined using the Experion Automated Electrophoresis System (Bio-Rad Labs, Hercules, CA) 

[9]. Pre prepared buffer solution (4 µl) was added to coelomic fluid protein samples (2µl), 

placed in an Experion Pro260 chip, and then covered with 12 µl of a gel staining solution.  An 

Experion Pro260 protocol was run and sample protein concentration was determined by the 

Experion system.   

Exposure of Lumbricus terrestris to Copper 

Earthworms were exposed individually for 5 days to copper (CuSO4) at 1.0 µg/cm2 on 

Whatman No. 1 filter paper disks 9.0 cm in diameter in 500 ml glass jars [10].  The CuSO4 was 

applied evenly to filter papers in 1 ml deionized water using a pipette.  After earthworms were 

introduced, jars were sealed with lids containing “breathing” holes and kept in the dark at 15°C.  

Jars were opened daily and earthworms examined for mortality.   

Protein Isolation 

Following crude protein determination, proteins were isolated from the crude coelomic 

fluid sample by acetone precipitation. Specifically, each coelomic fluid sample was placed in a 
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5ml polypropylene tube and four times the sample volume of cold (-20°C) acetone was added. 

Tubes were vortexed for ten seconds and then incubated for sixty minutes at -20°C. Following 

incubation the samples were centrifuged for ten minutes at 14 x g, the supernatant decanted 

and the tubes incubated at room temperature for fifteen minutes to allow for acetone 

evaporation. 

Isoelectric Focusing 

For isoelectric focusing, precipitated protein was rehydrated by adding 185ul of re-

hydration buffer (8M urea, 2% CHAPS, 40mM DTT, .2% 4-7 Bio-Lyte ampholytes, .0002% 

bromophenol blue and water) to each of the protein pellets and vortexing until the pellet was 

dissolved. The final protein concentration for each sample was equilibrated to 200ug of protein. 

The samples were pipetted into a twelve-well re-hydration tray and an IPG (immobilized pH 

gradient) strip (Bio-Rad 3 – 10 pH) placed gel side down into each well and allowed to incubate 

for 12 hours to allow the sample absorption. The IPG strips were placed into a twelve-well IEF 

(isoelectric focusing) focusing tray and the IEF cell programmed at 250V for 20 min, 8000V for 2 

hours, and 8000V for 40,000vh (volt hours) to accomplish first-dimension separation. IPG strips 

were removed after isoelectric focusing and placed gel side up in a re-hydration tray [11]. 

Following first-dimension separation, strips were equilibrated in a two-step process. To reduce 

sulfhydryl groups, a DTT equilibration buffer (6M urea, 2% SDS, .05mM Tris/HCl pH 8.8, 20% 

glycerol, 2% DTT and water) was added to each strip in the re-hydration tray and allowed to 

incubate for fifteen minutes after which the buffer was decanted. The second step, performed 

to reduce alkylates sulfhydryl groups, was accomplished by adding iodoacetamide equilibration 

buffer (6M urea, 2% SDS, .05mM Tris/HCl pH 8.8, 20% glycerol, 2.5% iodocetamide and water) 
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to each strip in the re-hydration tray and allowing to incubate for fifteen minutes after which 

the buffer was decanted. The strips were rinsed in a 1x Tris/Glycine/SDS (25mM Tris, 192mM 

glycine, 0.1% w/v SDS) running buffer and placed on a Tris/HCL (14-20%) gel, the strip was 

covered with a molten cover agarose (1.0% agarose, SDS running buffer, and .0002% 

Bromophenol blue) and allowed to cool. 

2D SDS PAGE and Protein Staining 

The second-dimension separation was accomplished using Criterion 14-20% SDS gels 

(Bio-Rad Labs, Hercules, CA) run at 200V for 55 minutes [12]. Following this secondary 

separation, gels were removed from the plate carrier and placed in a plastic tray and fixed for 

30 minutes in a 40% methanol, 10% acetic acid solution. The fixing solution was decanted and 

50ml of SYPRO Ruby (Molecular Probes, inc.) added to the gels for overnight staining. The 

SYPRO Ruby was decanted and 100ml of de-stain (40% methanol, 10% acetic acid solution) was 

added to each gel tray and allowed to incubate for one hour. The destaining solution was 

decanted and the gels washed with DI water to remove any remaining de-stain solution. Gels 

were scanned on the FX Molecular Imager (Bio-Rad Labs, Hercules, CA) and images analyzed 

with PDQuest 2-D differential analysis software [13].  All gels were placed in plastic bags, 

covered with a 1% acetic acid solution, sealed, and stored for further analysis.  
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RESULTS 

Coelomic fluid collection method and coelomic fluid protein concentration 

The Experion automated electrophoresis system (Bio-Rad Labs, Hercules, CA) was used 

to determine total protein concentration of crude coelomic fluid.  The mean protein 

concentration for earthworm coelomic fluid collected from unexposed normal organisms using 

the coelomic cavity puncture method (CCPM) was 9.89 µg/ml ± 2.713, while the protein 

concentration from the same type of earthworm using the whole body dissection method 

(WBDM) was 12.84 ± 4.89 (Table 1).  These different collection methods did not yield an overall 

difference in protein concentration (p=0.0686).   

Coelomic Fluid Isolation and Separation 

The 2D SDS-PAGE gel represented in Figure 1 describes the normal coelomic fluid 

protein profile obtained from unexposed control earthworms with coelomic fluid collection via 

the WBDM.  The number of proteins expressed on the 2D SDS-PAGE gel using this collection 

method was 377 ± 4.50.  The 2D SDS-PAGE gel represented in Figure 2 describes the normal 

coelomic fluid protein profile obtained from unexposed control earthworms with the coelomic 

fluid collection via the CCPM.  The number of proteins expressed after this collection method 

was 253 ± 19.90 (Table 2).  Table 2 demonstrates that coelomic protein profiles are dependent 

on the collection method with the CCPM yielding a 32.9% decrease in the number of total 

protein collected.   
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Table 1.  Total coelomic fluid protein concentration determined from coelomic fluid collected 
from normal unexposed earthworms, Lumbricus terrestris, using the coelomic cavity 
puncture method (CCPM) versus the whole body dissection method (WBDM). 

 

Collection Method Protein Concentration µg/µl 

CCPM 9.89 ± 2.71 

WBDM 12.84 ± 4.89 

 

 

 

 

Fig.  1.  SDS-PAGE gel demonstrating the protein profile of coelomic fluid collected from 
untreated, control earthworms (Lumbricus terrestris) using the whole body dissection method 
(WBDM). 
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Fig.  2.  SDS-PAGE gel demonstrating the protein expression profile of coelomic fluid collected 
from untreated, control earthworms (Lumbricus terrestris) using the coelomic cavity puncture 
method (CCPM). 
 

 

Table 2.  Total number of earthworm (Lumbricus terrestris) coelomic fluid proteins isolated 
using 2D SDS-PAGE gel electrophoresis.  Coelomic fluid collected from normal unexposed 
earthworms using either the whole body dissection method (WBDM) or the coelomic cavity 
puncture method (CCPM). 
 

 WBDM CCPM* Percent Difference 

Total  377 ± 4.50 253 ± 19.90 32.9% 

* Significantly different from WBDM collection method (p=0.05) 
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This represents a significant (p=0.0007) difference dependent upon collection method.  

All subsequent experiments involving coelomic fluid collected were performed using the 

Coelomic Cavity Puncture Method because it was thought that this method provided a more 

accurate representation of coelomic fluid proteins uncontaminated by gut contents and/or 

organ system tissues such as muscle, gut, and tegument.   

Effect of Copper Exposure on Coelomic Fluid Concentration 

The mean protein concentration for earthworm coelomic fluid collected from 

unexposed normal organisms using the Coelomic Cavity Puncture Method was 9.89 µg/µl ± 

2.71, while the protein concentration from CuSO4 exposed earthworm using the CCPM was 5.04 

µg/µl ± 2.05 (Table 3).  Copper exposure did not result in a significant reduction in the protein 

concentration when compared to controls (p=0.4135)  

Effect of Copper Exposure on Earthworm Protein Profiles 

The 2D SDS-PAGE gel represented in Figure 3 describes the coelomic fluid profile 

obtained from earthworms exposed to 1.0 µg/cm2 copper as CuSO4.  A comparison of the 

number of coelomic fluid proteins collected from normal earthworms with the number of 

coelomic fluid proteins collected from earthworms exposed to CuSO4 demonstrated that CuSO4 

exposure resulted in a significant reduction, 184 ± 2.64 vs 253 ± 19.90 (p=0.0192), in the 

number of proteins expressed (Table 4).  Copper exposure resulted in the earthworm’s protein 

profile demonstrating 47 newly expressed proteins and the elimination or suppression of 116 

proteins compared to unexposed controls.  There were 137 proteins conserved, found in both 

the exposed and unexposed animals. 
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Table 3.  Total coelomic fluid protein concentration determined from coelomic fluid collected 
from normal unexposed earthworms, Lumbricus terrestris, and earthworms exposed to copper 
as CuSO4 at 1.0 µg/cm2 for 5 days on filter paper. 
 

Exposure Protein Concentration µg/µl 

Unexposed 9.86 ± 2.71 

Copper 5.04 ± 2.05 

 

 

 

 

 
 
Fig. 3.  SDS-PAGE gel showing the protein expression profile of coelomic fluid from treated 
earthworms (Lumbricus terrestris) exposed to copper as CuSO4 at 1.0 µg/cm2 using coelomic 
cavity puncture method (CCPM). 
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*137 conserved proteins and 47 newly expressed proteins when compared to 
control.  116 proteins expressed in controls were not expressed in exposed 
worms.  Significantly different from controls (p=0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.  Effect of copper exposure (1.0 µg/cm2 on filter paper) as CuSO4 on the number of 
earthworm (Lumbricus terrestris) coelomic fluid protein expressed.    
 

 Control CuSO4 Exposed* 

Number of Proteins 
Expressed 

253 ± 19.90 184 ± 2.64 
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A differential comparison of the 137 conserved proteins from exposed worms 

demonstrated that 24 were at least increased twofold or greater in density, while 105 proteins 

from exposed worms demonstrated at least a decrease of twofold or greater when compared 

to the control organisms.  Proteins conserved but not up or down regulated equaled 8 (Table 5). 

Table 6 describes the up and down regulation of proteins in greater detail and Figure 4 

graphically represents this information.  Overall CuSO4 exposure resulted in 42 proteins being 

down regulated by eightfold, 36 by fourfold, and 27 by twofold, while 16 were up regulated by 

twofold, 7 by fourfold, and 1 by eightfold. 
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Table 6.  Profile modulation of the 137 conserved proteins isolated from earthworm (Lumbricus 
terrestris) coelomic fluid collected from control and experimental organisms following exposure 
to copper as CuSO4 at 1.0 µg/cm2. Data demonstrates the number of proteins and the degree to 
which they were either up- or down-regulated. 
 

Modulation Change Number of Proteins 

8-Fold Down-Regulated 42 
4-Fold Down-Regulated 36 
2-Fold Down-Regulated 27 
Unchanged 8 
8-Fold Up-Regulated 1 
4-Fold Up-Regulated 7 
2-Fold Up-Regulated 16 

Table 5.  Comparison of earthworm (Lumbricus terrestris) coelomic fluid protein profile 
obtained from earthworms exposed to copper as CuSO4 at 1.0 µg/cm2.  (Worm coelomic fluid 
copper treated-WCFCT). 
 

Analysis set Number 

Proteins with at least  2+ increase on WCFCT 24 

Proteins with at least 2+ decrease on WCFCT 105 

Unchanged 8 
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Fig. 4.   Summary showing both up and down modulation of coelomic fluid proteins in control 
and treated, earthworms (Lumbricus terrestris) following exposure to copper as CuSO4 at 1.0 
µg/cm2 (Table 4). 
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DISCUSSION 

This study was undertaken to define the protein profile of earthworm (Lumbricus 

terrestris) coelomic fluid.  This work was performed as part of a larger project to determine the 

validity of using the earthworm as a non-mammalian surrogate model for assessing the toxicity 

of inorganic and organic chemicals, such as metals and pesticides.  Previous studies have 

demonstrated immunologic based biomarkers to be cost effective and sensitive measurements 

of chemical toxicity [2].  Since many of the earthworm’s immunological effecter components 

that are altered by chemical exposure are thought to be proteins, defining the overall protein 

profile present in normal organisms and demonstrating chemical induced modulation is a 

valuable beginning to characterizing the earthworm as a non-mammalian surrogate.   

In this study, two different collection techniques were used to obtain proteins from the 

earthworm (Lumbricus terrestris): the whole body dissection method (WBDM) and the coelomic 

cavity puncture method (CCPM).  The WBDM, a rapid collection method, cut the organism into 

segments post-clitellum and these segments were placed into a centrifuge tube and spun down 

potentially resulting in apparent contamination with non-coelomic fluid contaminants.  This 

methodology had the advantage of speed of collection and the large volume of coelomic fluid 

collected compared to traditional methods.  With the CCPM, a sharpened pipette was inserted 

under the tegument and through the muscle wall directly into the coelomic cavity and isolating 

the coelomic fluid for collection via capillary action. This method, although time consuming, 

targets collection from the coelomic cavity specifically.  With the WBDM, the significantly 

higher number of proteins found in this study is thought to have been due to musculature and 

especially gut material contaminating the coelomic fluid protein profile of the organism.  These 
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contaminants could have been introduced into the coelomic fluid either at the time of 

dissection or during the first centrifugation that contained the entire dissected organism.  The 

CCPM’s lower overall protein number may reflect the specific coelomic fluid proteins and be 

more accurate due to the reduction in contamination with extraneous proteins.  It was 

determined that the CCPM collection method was best for use in chemical exposure 

experiments because of its perceived specificity for collecting coelomic fluid uncontaminated by 

other unknown components. 

In this study, Cu as CuSO4 was used as an agent to measure chemical effect on the 

coelomic fluid profile.  Cu is well known as an invertebrate toxin.  For these experiments with 

earthworms, the Cu exposure level was well below the LC50 of 2.58 µg/cm2 [10].  Although this 

exposure level of 1.0 µg/cm2 for 5 days was sub-lethal, it did result in a significant reduction in 

the number of earthworm proteins identified with 2D-SDS PAGE electrophoresis, a modification 

in the conserved protein profile as measured by their up or down regulation, and the 

expression of new proteins and the suppression of those found in normal animals.  Previous 

studies have shown the lethality and sub-lethal effects of copper and other heavy metals to 

invertebrates, however, no studies have shown the overall effect of metals on the coelomic 

cavity protein profile of these organisms [6, 10, 14, 15] as demonstrated in this study.   

Small amounts of metal can be tolerated by an organism and may even be beneficial for the 

organism’s survival [14, 16].  However, once a metal reaches a critical concentration, an 

organism’s mechanism for neutralizing metals is quickly overwhelmed resulting in physiological 

changes and mortality rate increases [16].   
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This study shows that protein synthesis in the earthworm, Lumbricus terrestris, can be 

altered radically by exposure to copper.  In comparison to a normal coelomic fluid earthworm 

protein profile, most of the proteins from expose animals are either lost or greatly down 

regulated in the presence of copper, and thus shows the potential toxicity and deleterious 

effects copper has on protein expression.   

Copper has been shown to reduce protein synthesis by reducing the rate of RNA 

synthesis by causing reduced rate of attachment to ribosome’s [17].  On the other hand, a 

minority of proteins can be up regulated through exposure suggesting that these are proteins 

the organism produces to respond to stress caused by toxins, in this case Cu. The annelid, 

Nereis diversicolor, can produce cadmium specific binding proteins which are absent during 

normal function in response to the introduction of cadmium into their systems [15].   Studies 

have shown that organisms such as the earthworm Lumbricus terrestris and the oyster Ostrea 

edulis exposed to a sub lethal concentration of heavy metals such as copper, lead, cadmium, 

and mercury will produce heat shock proteins in order to cope with the stress [16, 18].  It may 

be that most of the proteins that are up regulated during heavy metal toxicity are either heat 

shock or metal binding proteins and one could assume that at least some of the up regulated 

proteins in this study fall into these two categories. 

Specific to the earthworm was the study of one protein immune parameter, the enzyme 

lysozyme.  This enzyme has a bactericidal action mediated by the hydrolysis of the 

peptidoglycan layer of the cell wall of gram positive bacteria.  Copper (CuSO4) exposure to 

earthworms at sub-lethal concentrations of 0.5 µg/cm2 and 1.0 µg/cm2 over five days was 

shown to suppress the lysozyme activity in the coelomocyte extracts and coelomic fluid by 40 
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and 50%, respectively [10].  Although the mechanism of suppression of the protein lysozyme by 

Cu is not fully understood, it is likely that Cu either binds to the enzyme affecting its functional 

conformation or over time the metal reduced the overall synthesis of the enzyme [10].   

This study has established a benchmark protein profile for the normal earthworm and 

those exposed to an inorganic metal, copper.  Future investigations will reveal the effects that 

this type of exposure, and that of organics, has on overall protein expression and the 

expression of individual proteins.  These results provide important information about the 

effects that an exposure to a metal have on the protein profile of the earthworm, Lumbricus 

terrestris, and expand the use of this animal model as a biomarker based organism.   
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