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ABSTRACT 

Title of Thesis: Investigations into Rates and Mechanisms 
of Mercury Depuration in the Killifish, 
Fundulus heteroclitus  

Joanne A. Korpanty', Master of Science, Environmental Engineer-
ing, (Toxicology Option), 1984 

Thesis directed by: Professor Peddrick Weis, Professor Richard 
Trattner 

Metallothionein (MT) and glutathione (GSH) have been 

shown in mammalian research to play a role in the sequestra-

tion and depuration of mercury. The sulfhydryl groups on 

both these peptides have a strong affinity for mercury, MT 

for Hg2+ and GSH for CH
3
Hg+. In this study, killifish (

Fundulus heteroclitus) were force-fed one piece of squid laced 

with labelled mercuric nitrate to give a final food concen-

tration of 20 ppm 203Hg2+ and 0.03 -0.05 pg g-1 Hg2+ total 

dose. Most of the mercury, 84.1 + 12.1% (mean ± standard 

deviation), is depurated within the first 24 hours; of that 

retained, most was found in the intestine. There was little 

change over the next 6 days. The feces contained high amounts 

of mercury and can be considered the main route of excretion. 

Thin-layer chromatography of bile showed no noticeable a-

mounts of mercury bound to GSH in the bile. But no conclu-

sions regarding bile and enterohepatic circulation can be 

made since the killifish is too small a model in which to 

monitor it. MT was found in appreciable amounts in the liv-

er and intestine homogenates by gel electrophoresis but auto- 



radiography did not demonstrate the binding of Hg2+ to the 

MT. Most of the mercury which had been retained was assoc-

iated with both soluble and insoluble proteins of high mole-

cular weight (>90,000 daltons). Therefore the first line of 

defense for this organism appears to be the intestine, as 

90% of the mercury did not get beyond this organ. 
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I. INTRODUCTION 

Mercury poisoning poses a serious health problem in to-

day's environment. Incidents such as those at Minamata Bay 

and Niiagata in Japan (1) and sites such as Berry's Creek in 

the Hackensack Meadowlands demonstrate the need to further 

investigate mercury pollution and its effects on the environ-

ment and animal and human health. Studies with the killifish, 

Fundulus heteroclitus, may give insight into the poisoning of 

fish due to mercury pollution, their method of dealing with 

it and the threat to humans through consumption of mercury 

contaminated fish. 

Mercury contamination and poisoning comes from a variety 

of sources. It is used in the production of thermometers, 

electric contacts, flourescent bulbs, dental fillings, mir-

rors and previously in felt for the hat industry. It then 

becomes a component of the wastewater generated by these in-

dustries and is often discharged into the waterways. Mercury 

vapor is released by degassing from the earth's crust and the 

oceans (2) and through the burning of fossil fuels containing 

mercury (3). In terrestrial animals, including humans, the 

most common paths of entry are through the respiratory tract 

in the form of dust or vapor, through the skin or ingestion 

via the gastrointestinal tract. Mercury enters the body of 

the fish either through the gills, the G-I tract from contam-

inated food or through the mucous layer and/or skin. 

All forms of mercury are toxic to animals and man, but 

as compared to metallic mercury and inorganic salts, alkyl- 

1 
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mercuries, especially methylmercury (CH
3
Hg

+
), are particular-

ly toxic due to their ability to cross cell membranes. 

CH
3
Hg

+ 
is naturally formed in the aquatic and terrestrial en-

vironment from elemental mercury and mercuric mercury (1). 

It is the predominant form of mercury in aquatic pollution 

(4). Methylation is likely to occur in upper sedimentary 

layers of sea or lake bottoms and the methylmercury formed 

is rapidly taken up by organisms in the aquatic environment, 

(1). Rudd et al. (5) showed that microflora in the intestine 

of the fish methylated mercury in the gut. This methylation 

enhances the lipid solubility of mercury causing it to be 

more quickly absorbed from the G-I tract, to remain stabile 

within the body, to( easily cross the placental barrier and 

to be attracted to the nervous system (6). 

This attraction causes the central nervous system, par-

ticularly the brain, to be the critical target organ of mer-

cury poisoning. Neurological disorders dominate the signs 

and symptoms of humans exposed to long term toxic doses. 

With increasing doses, a syndrome known as micromercurialism 

results. Symptoms such as weakness, fatigue and anorexia ap-

pear (3). As exposure levels increase, fine trembling of per-

ipheral parts (such as eyelids and fingers) begins. It is 

intentional and disappears during sleep. This can continue 

on to a generalized tremor, severe behavioral and personality 

changes, increased excitability, loss of memory and insomnia 

'which can develop into depression (2). The term "mad hat- 
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ter" has its roots in the many cases of mercury poisoning a-

mong workers in the hat industry. 

Although the mechanism of mercury's action on the CNS is 

still poorly understood, evidence shows that in almost every 

toxic action there is a reaction between mercury and sulf

- hydryl groups with a mercaptide complex formed by the two. 

As predominant sulfhydryl groups are located on cellular pro-

teins, proteins are the primary targets of mercury (7). The 

proteins lose their reactive properties through chemical de-

struction of the vital protein structure due to formation of 

the complex (3). Therefore protein action and synthesis is 

interfered with. Also, toxic substance blocking thiol enzyme 

systems alter the metabolism of nerve endings (3).  

In this study, we set forth to investigate the pathways 

mercury takes once ingested by the killifish. The killifish 

was chosen as a model for various reasons. A report from the 

National Academy of Science (1) states that the most effec-

tive indicator of mercury pollution and the potential hazard 

to humans and wildlife is the mercury content of fish. Since 

the killifish is one of the few animal species surviving in 

the highly mercury contaminated waters of Berry's Creek, it 

must have some successful detoxification mechanisms worth in-

vestigating. Its size and ease of care in the lab also make 

it a good model. 

The threat to humans from fish comes from the ingestion 

of mercury contaminated fish. Food products, excluding fish, 

contain between a few micrograms to 50 pg kg 1 of mercury (8). 
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This is very little in comparison to that which can be found 

in fish, which often constitutes a large part of the diet (de-

pending on individuals, ethnic groups and countries.) If 

30 g day-1 of fish flesh is consumed daily, between 1 and 

20 jig day-1  CH
3
Hg
+ 
is ingested, under conditions of uncon-

taminated fish (2). However, under conditions of contamina-

tion, the levels of CH
3
Hg

+ 
intake rise rapidly and cause ser-

ious problems, as evidenced by two major incidents in Japan. 

Minamata Bay and the Agano River in Niiagata were the recip-

ients of the industrial release of mercury compounds (1). The 

mercury then accumulated in edible fish and shellfish, leading 

to a median total mercury level in fish in Minamata Bay of 

11 jig g 1 fresh weight (9). By 1974 more than 700 cases of 

CH
3
Hg+ poisoning at Minamata and more than 500 in Niiagata 

were identified (10-12). 

As was previously mentioned, the binding of mercury to 

sulfhydryl groups of proteins is what has been suggested to 

cause the toxic actions of mercury. However, the binding of 

mercury to appropriate sulfhydryl groups can also help to de-

toxify the mercury. There is an affinity constant of CH3Hg+  

for thiol groups of log10K=17 (13). Usually the major sulf- 

hydryl containing-  compound in the cell -is glutathione. 

Glutathione (GSH) is a tri-peptide (L -y- glutamyl - L - cys-
teinyl glycine) and is known to function either directly or 

indirectly in many important biological functions. It is an 

essential cellular component. It is synthesized intracellu-

larly and in mammalian cells is typically found at the milli- 
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molar level in the cell. Glutathione disulfide (GSSG) is 

formed upon oxidation of the thiol groups of the cysteine 

moiety. The regeneration of GSH from GSSG is accomplished 

by NADPH. Intracellular GSH is normally over 99% reduced 

and GSH is the major transport form (14). 

Binding of CH
3
Hg
+ 
to GSH occurs through the sulfhydryl 

groups on cysteine. GSH conjugates have the necessary physic-

ochemical properties to be excreted into the intestine via 

the bile (15). GSH is present in the bile in relatively 

high concentrations. Refsvik and Norseth(16) found that in 

rats exposed to CH3HgCl the predominant resulting methyl mer-

curic compound found in the bile is methyl mercuric gluta-

thione. Ballatori and Clarkson (17) showed a decrease in 

CH
3
Hg
+ 
retention in neonatal rats with an increasing ability 

of the developing liver to secrete GSH into bile. A CH3Hg-

GSH complex has been identified in liver (18) and agents 

that deplete the hepatic content of GSH inhibit the biliary 

secretion of CH
3
Hg
+ 
and simultaneously decrease the GSH con-

tent of bile (19). 

Metallothioneins (MT) are small (6000 - 7000 daltons) 

proteins low in aromatic amino acids and rich in cysteinev con-

taining thiol groups. They are also capable of binding heavy 

metals Via the sulfhydryl groups. MT's primary function is 

thought to be in the homeostasis of essential trace elements 

such as zinc and copper (20). MT synthesis probably occurs 

in several tissues but is especially significant in the in-

testinal wall and liver. It is usually found in low concen- 
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trations but is induced by several heavy metals, including 

zinc, copper, silver, cadmium and mercury (21). Higher con-

centrations have been found in animals from metal-rich hab-

itats. MT can protect the organs against injuries caused by 

mercury absorption (22) by partitioning them away from po-

tential sites of toxic action. Noel-Lambot et al. (23) re-

ported that 35% of the Zn and over 60% of the cytosolic Cu 

are associated with the MT pool of eel liver tissue. Mer-

cury will displace any other metal bound to the sulfhydryl 

groups of MT (24). 

It is thought that the response of the organisms to 

heavy metal exposure involving MT is a three stage process: 

first the binding of the metal to MT, the induced synthesis 

of more MT to sequester additional metal and finally, since 

the induction of new protein and binding of metal is finite, 

"spillover" occurs, in which heavy metal ions are released in-

to the cytosol where they can exert toxic effects and the 

toxic threshold of the mechanism is reached (25). 

Once the mercury has bound to a thiol, it must be ex-

creted in some way. There are various excretion pathways 

and mechanisms which will bring about elimination of the met-

al. The excretion of CH
3
Hg+ by the fish is most commonly ac-

complished through defecation. The rate is determined by 

three factors: (1) biliary excretion, (2) shedding of the 

intestinal epithelium and (3) reabsorption; in the rat, bil-

iary excretion is the main route (26). Ballatori and Clark-

son (27) showed in rats that there is a close linear corre- 
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lation between the biliary secretion rates of GSH and CH
3
Hg

+
. 

This, the high association constant for the CH
3
Hg cation with 

GSH (K
1=10

15.8) (28) and the fact that a CH
3
Hg+ complex has 

been identified in rat bile point to the suggestion that 

CH3Hg+ transport into the bile is determined by the biliary 

transport system for GSH (26)..  

However, since the gall bladder secretes bile into the 

intestine, there is the factor of reabsorption through the 

intestinal wall to consider. Some of the GSH-CH
3
Hg
+ 
conju-

gates will be excreted with feces, especially if the mercury 

exposure was through ingestion. Norseth and Clarkson (26) 

found that although mercury in bile is most commonly found 

as CH
3
Hg-cysteine it is rapidly reabsorbed. They go on to 

suggest that CH
3
Hg
+ 
may bind to structural proteins of exfol-

iated epithelial cells in the lower intestine and undergo 

biotransformation to inorganic mercury, thus allowing for 

fecal excretion. 

Another possible process of elimination that has been 

speculated upon is through intestinal corpuscles. White mu-

cous corpuscles, high in calcium and magnesium,have been ob-

served in the intestinal lumen of fish and have been found to 

bind heavy metals. These corpuscles are regularly evacuated, 

thereby limiting the entry of metals through the intestinal 

wall (23). 

Thus, it is important to understand the role mercury plays 

in fish. This study of mercury and the killifish will give 

information leading to the ability to predict the depuration 
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rates for mercury in fish and thereby lead to the possibil-

ity of predicting the time between clean-up of a mercury con-

taminated area and its reopening for fishing for safe human 

consumption. 



II. MATERIALS AND METHODS 

Killifish (3-5 grams in weight) brought from a relative-

ly unpolluted estuary (Shark River outlet in Belmar, NJ) 

were used. They were caught in fish traps using cat food 

as bait. One piece of squid injected with 203Hg(NO3)2 (New 

England Nuclear, Boston MA) to give a concentration of 20 ppm 

203Hg2+ was force fed to each fish. A total dose of 0.03-0.0' 

jig g-1 Hg2 per fish resulted. Total body counts (Beckman 

Gamma 4000 Counter) of each fish were taken at 1, 3, 5, 7 

and 24 hours, and daily for 7 day studies after food inges-

tion. The fish were sacrificed by decapitation at appropri-

ate times and the liver, gall bladder and intestine were 

quickly dissected out. They were kept on ice to prevent au-

todigestion. Each organ was weighed and a total organ count 

was taken, The intestine was rinsed out with an iso-osmotic 

saline solution prior to counting. 

A total of nine separate studies were run using 6 fish 

in each study with a total of 54 fish used. Fish were sac-

rificed at 3, 5, 7, 24 hours and at 6 and 7 days. Replica-

tions of each study were run to give confident results. Data 

from replicated studies were combined and means and standard 

deviations figured for each. 

Gall bladders were combined due to small size and 0.5 ml 

70% n-propanol was added in preparation for thin-layer chrom-

atography. 0.5 p1 dithiothreitol (DTT) was added as a re-

ducing agent for GSH analysis. 

The livers and intestines were homogenized in a 0.1M 

9 
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PO4 and 0.25M sucrose solution. The homogenates were cen-

trifuged for 20 minutes at 18,300 rpm (= 40.3x103 x G). 

Counts were taken of each subsequent fraction (pellet = mem-

branes, supernatant = cytoplasm and surface = lipid.) The 

supernatant fraction was heated for one minute in a 70R; wa-

ter bath for the denaturation of enzymes and other heat-la-

bile proteins. After cooling in ice, it was centrifuged for 

15 minutes at 20x103 x G. These steps correspond to the in-

itial steps in the MT isolation procedure (29). Counts of 

the fractions were again taken. 

1. Thin-Layer Chromatography  

Thin-layer chromatography was run on combined gall blad-

ders. Eastman Chromagram Sheets layered with 100 µ  cellu-

lose were used. The sheets were developed at room 'tempera-

ture in the solvent system n-propanol/H2O 70:30 (16). The 

spots were localized by spraying ninhydrin reagent. Refer-

ence compounds of GSH, GSH-CH3Hg and cysteine were run with 

each chromatogram. 

2. Protein Estimation 

Estimation of protein was determined by the Lowry meth-

od (30)on the fractions before and after heat treatment. 

This was to determine amounts of each fraction to apply to 

gels. Standards of bovine serum albumin (1 mg ml-1) were 

used and an equal amount of sodium dodecyl sulfate (SDS) was 

added to both the standards and the blanks. 

3. Gel Electrophoresis  

Polyacrylamide gel electrophoresis (PAGE) was run on the 
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sediment and soluble fractions of the liver and intestine 

homogenates both after homogenization and after heat-treat-

ment. A 3% stacking gel and 15% resolving gel were used. 

SDS was added to break the disulfide linkages of the pro-

teins and render them anionic. DTT was added as a reducing 

agent. The gels were stained in a 0.2% Coomassie Brilliant 

Blue in 50% methyl alchol and 7% acetic acid solution. Mole-

cular weight markers were run with each gel. No more than 

100 µl of protein were applied to each well. 

The gels were dried on a Hoefer Slab Gel Dryer and scan-

ned on a Hoefer Scanning Densitometer. 

4. Autoradiography  

Thin-layer chromatograms and dried gels were placed a-

gainst x-ray film (Kodak SB-5) for a suitable time of expo-

sure (2-4 weeks) in a cold room. They were developed in Ko-

dak GBX and scanned on a Hoefer Scanning Densitometer. 



III. RESULTS 

1. Depuration 

Counts of the whole fish taken hourly after feeding show 

that only 15.9 + 12.1% (mean + standard deviation) of the 

dosed 203Hg remains in the fish 24 hours after feeding. (See 

Figure 1) The other 84% is excreted, probably primarily 

through the feces. After 24 hours there is a drop in the 

body burden of 203Hg of approximately 4% of the original a-

mount in the next 24 hours and at 72 hours an additional de-

crease of approximately 3%. For the remaining 4 days, the 

body burden remains fairly constant. (See Figure 2), 

Mercury content in feces was determined periodically 

throughout each study. There was a relatively high content 

of mercury in the feces, both soon after feeding when the fe-

cal matter was high in organics and later on when the feces 

were white and sac-like (possibly intestinal corpuscles.) 

2. Distribution  in Organs  

The highest concentration of 203Hg was found in the in-

testine. (See Figure 3) There is a sharp decrease at 7 hours 

but then the intestinal content again increases. The liver 

(Figure 4) also shows a gradual increase in 203Hg content af-

ter 5 hours, although the total content is much less than 

that found in the intestine. The gall bladder content re-

mained fairly constant for the 7 day period and was approxi-

mately 0.1% of the total body content. 

3. 203az 
 and 

The thin-layer chromatograms on bile from the combined 

12 
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Figure  1 

Total body retention of 203Hg during the first 24 hours 

after feeding. Values are means of four to six fish at each 

time interval. The one hour reading is arbitrarily taken as 

100%. The means and standard deviations are given in Table 

1 in Appendix 1. 



Figure 

Hours After Feeding 
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Figure 2 

Total body retention of 203Hg during 7 days after 

feeding. Values are means of four to six fish at each time 

interval. The one hour reading is arbitrarily taken as 

100%. The means and standard deviations are given in Table 

1 in Appendix 1. 


