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INTRODUCTIONINTRODUCTION
Selenium is a naturally occurring element that is an essential mSelenium is a naturally occurring element that is an essential micronutrient for many organisms icronutrient for many organisms 
incorporated as incorporated as selenocysteineselenocysteine at the active site of a wide range of at the active site of a wide range of selenoproteinsselenoproteins, such as glutathione , such as glutathione 
peroxidaseperoxidase (Brown, K.M., Arthur, J.R., 2001).  Although selenium is essent(Brown, K.M., Arthur, J.R., 2001).  Although selenium is essential to these organisms, at ial to these organisms, at 
slightly elevated levels, selenium contamination can cause devasslightly elevated levels, selenium contamination can cause devastating effects to oviparous organisms tating effects to oviparous organisms 
((OhlendorfOhlendorf, H.M., 2002; , H.M., 2002; LemlyLemly, A.D., 2002; Fan, et al., 2002). In aquatic systems, selenium b, A.D., 2002; Fan, et al., 2002). In aquatic systems, selenium biogeochemistry iogeochemistry 
can play a major role in selenium toxicity, particularly biotrancan play a major role in selenium toxicity, particularly biotransformation into sformation into organoseleniumorganoselenium forms forms 
(Maier, K.J., Knight, A.W., 1994; Fan, et al., 2002).  In the wa(Maier, K.J., Knight, A.W., 1994; Fan, et al., 2002).  In the water column, selenium can exist as several ter column, selenium can exist as several 
different forms, including different forms, including seleniteselenite (Se(Se4+4+) and ) and selenateselenate (Se(Se6+6+), which are reported to be the most dominant ), which are reported to be the most dominant 
forms of dissolved Se in both nonforms of dissolved Se in both non--contaminated and Secontaminated and Se--contaminated waters (Presser, T.S., contaminated waters (Presser, T.S., OhlendorfOhlendorf, , 
H.M., 1987). These H.M., 1987). These oxyanionsoxyanions can then be readily transformed by plants and microorganisms incan then be readily transformed by plants and microorganisms into various to various 
organoseleniumorganoselenium forms including forms including selenomethionineselenomethionine ((SeMetSeMet).  ).  ProteinaceousProteinaceous SeMetSeMet has been frequently has been frequently 
found within organisms (Fan et al., 1998a,b), and is believed tofound within organisms (Fan et al., 1998a,b), and is believed to be the key form of Se that leads to Se be the key form of Se that leads to Se 
biomagnificationbiomagnification and and ecotoxicityecotoxicity in aquatic ecosystems (in aquatic ecosystems (AlaimoAlaimo et al., 1994; Fan et al., 2002). et al., 1994; Fan et al., 2002). 

The mechanistic action of selenium is believed to be via replaceThe mechanistic action of selenium is believed to be via replacement of sulfur (S) within proteins, as Se ment of sulfur (S) within proteins, as Se 
has similar chemical and physical properties.  Sulfur is a fundahas similar chemical and physical properties.  Sulfur is a fundamental constituent of many proteins, and is mental constituent of many proteins, and is 
found in the disulfide bond linkages (Sfound in the disulfide bond linkages (S--S linkages) between amino acid strands.  The replacement of S byS linkages) between amino acid strands.  The replacement of S by
Se is hypothesized to exert its toxicity by interfering with theSe is hypothesized to exert its toxicity by interfering with these disulfide bonds, resulting in distorted, se disulfide bonds, resulting in distorted, 
dysfunctional proteins and enzymes, ultimately impairing normal dysfunctional proteins and enzymes, ultimately impairing normal cellular biochemistry.  Yet, the proteins cellular biochemistry.  Yet, the proteins 
involved in selenium toxicity have yet to be determined.  As selinvolved in selenium toxicity have yet to be determined.  As selenium toxicity in fish has been shown to enium toxicity in fish has been shown to 
target certain organs, mainly the liver and the ovary (Fan et altarget certain organs, mainly the liver and the ovary (Fan et al., 2002; ., 2002; SchlenkSchlenk et al., 2003), it is believed et al., 2003), it is believed 
that that vitellogeninvitellogenin ((VtgVtg), the yolk precursor protein, is involved in selenium transport), the yolk precursor protein, is involved in selenium transport and disposition. and disposition. 

In oviparous organisms, yolk resources accumulated into the In oviparous organisms, yolk resources accumulated into the oocytesoocytes during during oogenesisoogenesis and mobilization and mobilization 
during embryogenesis are fundamentally important processes for sduring embryogenesis are fundamentally important processes for successful reproduction.  These yolk uccessful reproduction.  These yolk 
proteins are derived from the enzymatic cleavage of precursors sproteins are derived from the enzymatic cleavage of precursors such as uch as VtgVtg.  .  VitellogenesisVitellogenesis is a process is a process 
involving the synthesis of involving the synthesis of VtgVtg, its transport to the ovary, as well as its uptake into maturin, its transport to the ovary, as well as its uptake into maturing g oocytesoocytes.  This .  This 
is a key process as it provides is a key process as it provides VtgVtg to the egg and developing larvae (Byrne et al., 1989; to the egg and developing larvae (Byrne et al., 1989; ArukweArukwe and and 
GoksGoksøøyryr, 2003).  This may also be key to the transfer of Se, 2003).  This may also be key to the transfer of Se--contamination from the maternal organism to contamination from the maternal organism to 
the offspring, causing the detrimental effects that are charactethe offspring, causing the detrimental effects that are characteristically seen in organisms within ristically seen in organisms within 
seleniumselenium--contaminated regions.contaminated regions.

MATERIALS AND METHODSMATERIALS AND METHODS
Exposures of Brine shrimp (Exposures of Brine shrimp (ArtemiaArtemia))

Cultured Cultured ArtemiaArtemia were reared in salt water for 48 hours.  Upon hatching, were reared in salt water for 48 hours.  Upon hatching, ArtemiaArtemia were separated into were separated into 
the control the control ArtemiaArtemia and the treated and the treated ArtemiaArtemia.  .  

Treated Treated ArtemiaArtemia were subjected to 100 mg/L Lwere subjected to 100 mg/L L--(+)(+)-- SelenomethionineSelenomethionine ((SeMetSeMet) for 1 hour.  ) for 1 hour.  

Resulting concentrations of 40.19 Resulting concentrations of 40.19 ±± 3.61 3.61 µµg Se/gg Se/g dry weight was observed in dry weight was observed in SeMetSeMet--treated animals and treated animals and 
3.79 3.79 ±± 0.032 0.032 µµgg Se/g dry weight was observed in the controls.Se/g dry weight was observed in the controls.

Treated Treated ArtemiaArtemia were then put through a rinsing regime to remove extrinsic were then put through a rinsing regime to remove extrinsic SeMetSeMet.  Control and treated .  Control and treated 
ArtemiaArtemia were subsequently fed to control and treated were subsequently fed to control and treated O. O. latipeslatipes, respectively., respectively.

Exposures of Japanese Exposures of Japanese MedakaMedaka (O. (O. latipeslatipes))

Cultured Cultured O. O. latipeslatipes were exposed to selenium via dietary exposure using were exposed to selenium via dietary exposure using SeMetSeMet--treated treated ArtemiaArtemia.  .  

The The SeMetSeMet--treated treated ArtemiaArtemia were prepared daily following the above procedure, washed thorowere prepared daily following the above procedure, washed thoroughly to ughly to 
remove extrinsic Se, and subsequently fed to remove extrinsic Se, and subsequently fed to O. O. latipeslatipes.  Maximum feeding dose averaged 6.8 .  Maximum feeding dose averaged 6.8 ±± 0.58 mg 0.58 mg 
Se/fish.Se/fish.

Replicates of 15 fish per treatment (10 females, 5 males) were Replicates of 15 fish per treatment (10 females, 5 males) were utilized using a 16:8 light:dark utilized using a 16:8 light:dark 
photoperiod to promote egg laying.  photoperiod to promote egg laying.  

Exposures lasted a period of two weeks.  Following the exposureExposures lasted a period of two weeks.  Following the exposure, the female fish were sacrificed after a , the female fish were sacrificed after a 
24hr depuration period; liver, gonad/egg, and extruded/fertilize24hr depuration period; liver, gonad/egg, and extruded/fertilized egg samples were taken.  d egg samples were taken.  

Samples were either homogenized and subjected to a centrifugatiSamples were either homogenized and subjected to a centrifugation procedure to obtain the on procedure to obtain the cytosoliccytosolic
fraction or dried and acid digested.fraction or dried and acid digested.

Selenium Incorporation into Japanese Selenium Incorporation into Japanese MedakaMedaka (O. (O. latipeslatipes))

Selenium incorporation into Selenium incorporation into O. O. latipeslatipes within the control and treated organisms was determined via ICPwithin the control and treated organisms was determined via ICP--
MS (MS (PerkinPerkin ElmerElmer™™ 6100 DRC, dual 6100 DRC, dual quadrupolequadrupole) analysis for metal analysis, carried out at California State ) analysis for metal analysis, carried out at California State 
University, Long Beach.University, Long Beach.

ICPICP--MS metal quantification was performed via standard curve of knowMS metal quantification was performed via standard curve of knownn--concentration NISTconcentration NIST--certified certified 
multimulti--elemental metal standards.elemental metal standards.

Selenium Incorporation into proteinsSelenium Incorporation into proteins

Selenium incorporation into proteins within the control and treSelenium incorporation into proteins within the control and treated organisms was determined via sizeated organisms was determined via size--
exclusion HPLC (exclusion HPLC (BioSepBioSep SEC S2000, 300 x 7.8 mm) SEC S2000, 300 x 7.8 mm) tandemlytandemly coupled to an ICPcoupled to an ICP--MS for concurrent metal MS for concurrent metal 
analysis.  To compensate for polyatomic Aranalysis.  To compensate for polyatomic Ar22

++ dimerdimer interference at m/z 80, Se was monitored at m/z 82.interference at m/z 80, Se was monitored at m/z 82.

ICPICP--MS metal quantification was performed via flowMS metal quantification was performed via flow--injection analysis (injection analysis (FIAsFIAs) of known) of known--concentration concentration 
NISTNIST--certified multicertified multi--elemental metal standards.elemental metal standards.

Statistical AnalysisStatistical Analysis

Statistical analysis was performed using twoStatistical analysis was performed using two--sample, equalsample, equal--variance tvariance t--test.test.

RESULTSRESULTS
Selenium Incorporation into Japanese Selenium Incorporation into Japanese MedakaMedaka (O. (O. latipeslatipes))

Differences between the acid digested control and Differences between the acid digested control and SeMetSeMet--treated sample means of liver, gonad/egg, treated sample means of liver, gonad/egg, 
extruded/fertilized egg, and wholeextruded/fertilized egg, and whole--body samples were shown to be statistically significant (p<0.05)body samples were shown to be statistically significant (p<0.05).  .  
(Figure 1)(Figure 1)
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RESULTS (cont.)RESULTS (cont.)
Concentrations of Se within liver and wholeConcentrations of Se within liver and whole--body samples of body samples of SeMetSeMet--treated exceeded biological effects treated exceeded biological effects 

thresholds (12 and 4 thresholds (12 and 4 µµgg Se/g dry weight, respectively) for health and reproductive succSe/g dry weight, respectively) for health and reproductive success of fish (ess of fish (LemlyLemly, , 
1997).  Extruded/fertilized egg samples did not exceed the biolo1997).  Extruded/fertilized egg samples did not exceed the biological effects threshold (10 gical effects threshold (10 µµgg Se/g dry Se/g dry 
weight).  (Figure 1)weight).  (Figure 1)

Developmental effects were also evaluated in offspring of Developmental effects were also evaluated in offspring of SeMetSeMet--treated organisms, yet no detrimental treated organisms, yet no detrimental 
effects were seen.effects were seen.

Se concentrations ranged from Liver > Extruded/fertilized Egg >Se concentrations ranged from Liver > Extruded/fertilized Egg > WholeWhole--Body.Body.

Selenium Incorporation into proteinsSelenium Incorporation into proteins

Selenium incorporation into Selenium incorporation into cytosoliccytosolic proteins within the control organisms determined via sizeproteins within the control organisms determined via size--
exclusion HPLC exclusion HPLC tandemlytandemly coupled to ICPcoupled to ICP--MS for concurrent metal analysis revealed a Se peak at 11.49 MS for concurrent metal analysis revealed a Se peak at 11.49 
min. and 19.76 min. for control egg and control liver samples, rmin. and 19.76 min. for control egg and control liver samples, respectively (Figures 2espectively (Figures 2--3).  3).  

In treated organisms, Se peaks were observed at 11.31, 14.02, 2In treated organisms, Se peaks were observed at 11.31, 14.02, 21.90 min. and 11.53, 14.31, 17.98, 19.69 1.90 min. and 11.53, 14.31, 17.98, 19.69 
min. for min. for SeMetSeMet--treated egg and treated egg and SeMetSeMet--treated liver samples, respectively (Figure 4treated liver samples, respectively (Figure 4--5).  Approximate 5).  Approximate 
molecular weight of these proteins ranges from 360K, 50K, 245Da molecular weight of these proteins ranges from 360K, 50K, 245Da and 360K, 50K, 17K, and 8.4KDa for and 360K, 50K, 17K, and 8.4KDa for 
SeMetSeMet--treated egg and treated egg and SeMetSeMet--treated liver samples, respectively.treated liver samples, respectively.

Zinc (Zn) is an important marker for Zinc (Zn) is an important marker for VtgVtg as as VtgVtg is a Znis a Zn--containing protein.  Zn peaks correlating with Se containing protein.  Zn peaks correlating with Se 
peaks occurred around 11.31 and 14.02 min. for egg samples, and peaks occurred around 11.31 and 14.02 min. for egg samples, and 11.53 min. for liver samples.  (Table 1)11.53 min. for liver samples.  (Table 1)

HPLC/ICPHPLC/ICP--MS analysis revealed that purified MS analysis revealed that purified O. O. latipeslatipes VtgVtg eluted at the time of the Se/Zn peaks.eluted at the time of the Se/Zn peaks.

ProteinaceousProteinaceous Se concentrations within the egg and liver were 4.20 and 3.34 fSe concentrations within the egg and liver were 4.20 and 3.34 fold higher than that of the old higher than that of the 
control counterparts.  (Table 1)control counterparts.  (Table 1)

CONCLUSIONSCONCLUSIONS
Selenium concentrations within the Selenium concentrations within the SeMetSeMet--treated liver and the wholetreated liver and the whole--body tissue digestions showed body tissue digestions showed 

levels exceeding the biological effects threshold for freshwaterlevels exceeding the biological effects threshold for freshwater fish.  Selenium concentrations within the fish.  Selenium concentrations within the 
SeMetSeMet--treated egg tissue digestions showed levels lower than the biolotreated egg tissue digestions showed levels lower than the biological effects threshold.  This may gical effects threshold.  This may 
be attributed to the fact that be attributed to the fact that O. O. latipeslatipes produced multiple egg clutches within the twoproduced multiple egg clutches within the two--week exposure week exposure 
period.period.

Multiple proteins with molecular weights ranging from 360KDa toMultiple proteins with molecular weights ranging from 360KDa to 245Da within the liver and egg showed 245Da within the liver and egg showed 
Se incorporation.  Se incorporation.  

The Se/ZnThe Se/Zn--containing proteins within both containing proteins within both SeMetSeMet--treated egg (11.31 and 14.02 min.) and treated egg (11.31 and 14.02 min.) and SeMetSeMet--treated treated 
liver (11.53 min.) correlated with purified liver (11.53 min.) correlated with purified O. O. latipeslatipes VtgVtg..

Combining all proteinaceous Se, the Se within the Combining all proteinaceous Se, the Se within the SeMetSeMet--treated egg and treated egg and SeMetSeMet--treated liver samples treated liver samples 
had 4.20 and 3.34 times higher amounts of Se than that of their had 4.20 and 3.34 times higher amounts of Se than that of their control counterparts.  control counterparts.  

Se within the Se within the SeMetSeMet--treated egg showed 2.05 times higher amount of proteinaceous Se treated egg showed 2.05 times higher amount of proteinaceous Se than the liver in than the liver in 
SeMetSeMet--treated organisms, yet in the untreated samples, the liver showetreated organisms, yet in the untreated samples, the liver showed 2.63 times higher amounts of d 2.63 times higher amounts of 
proteinaceousproteinaceous Se than did the egg.Se than did the egg.
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Table 1.  Table 1.  Average Average µµgg metal/g protein obtained from HPLC/ICPmetal/g protein obtained from HPLC/ICP--MS analysis.MS analysis.

SampleSample Peak Peak 
NumberNumber

Control EggControl Egg 11****

11****

22****

33**

11**

11****

22**

3 3 **

4 4 **

Total Total SeMetSeMet LiverLiver 1476.951476.95

****Putative Putative VtgVtg

SeMetSeMet EggEgg

SeMetSeMet EggEgg

SeMetSeMet EggEgg

Total Total SeMetSeMet EggEgg

Control LiverControl Liver

SeMetSeMet LiverLiver

SeMetSeMet LiverLiver

SeMetSeMet LiverLiver

SeMet SeMet LiverLiver

Molecular Molecular 
Weight (Weight (DaDa))

Average Peak Time (min.)Average Peak Time (min.) Average Average µµgg Se/g ProteinSe/g Protein Average Average µµgg Zn/g ProteinZn/g Protein

360K360K 11.4811.48 37.9437.94 227.52227.52

2369.102369.10

2136.612136.61

3031.723031.72

8.4K8.4K 19.7619.76 99.7199.71 271.36271.36

360K360K 11.5311.53 628.22628.22 640.11640.11

50K50K 14.3114.31 207.16207.16

17K17K 17.9817.98 556.76556.76

8.4K8.4K 19.6919.69 65.1765.17

360K360K 11.3111.31 625.50625.50

50K50K 14.0214.02 806.43806.43

245245 22.5222.52 1599.791599.79

Figure 1.  Acid digested samples of Control and Figure 1.  Acid digested samples of Control and SeMetSeMet--treated treated O. O. latipeslatipes
analyzed by ICPanalyzed by ICP--MS showing MS showing µµg Se/g dry weight.  The red lines depict the g Se/g dry weight.  The red lines depict the 
biological effects thresholds for fish for each target organ (12biological effects thresholds for fish for each target organ (12, 10, and 4 , 10, and 4 µµg/g g/g 
d.w. of liver, ovary and egg, and whole body, respectively).d.w. of liver, ovary and egg, and whole body, respectively).
**Statistically significant (p<0.05)**Statistically significant (p<0.05)
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Figure 2.  UV and metal chromatograms of egg Figure 2.  UV and metal chromatograms of egg cytosolcytosol from untreated from untreated O. O. 
latipeslatipes.  Upper graph contains the HPLC UV spectra displaying an overla.  Upper graph contains the HPLC UV spectra displaying an overlay of y of 
280 and 254nm.  The lower graph shows the ICP280 and 254nm.  The lower graph shows the ICP--MS metal intensities MS metal intensities 
corresponding to the HPLC run.  corresponding to the HPLC run.  

11.4911.49

19.7619.76

Figure 3. UV and metal chromatograms of liver Figure 3. UV and metal chromatograms of liver cytosolcytosol from untreated from untreated O. O. 
latipeslatipes.  Upper graph contains the HPLC UV spectra displaying an overla.  Upper graph contains the HPLC UV spectra displaying an overlay of y of 
280 and 254nm.  The lower graph shows the ICP280 and 254nm.  The lower graph shows the ICP--MS metal intensities MS metal intensities 
corresponding to the HPLC run.  corresponding to the HPLC run.  
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Figure 5. UV and metal chromatograms of liver Figure 5. UV and metal chromatograms of liver cytosolcytosol from from SeMetSeMet--treated treated O. O. 
latipeslatipes.  Upper graph contains the HPLC UV spectra displaying an overla.  Upper graph contains the HPLC UV spectra displaying an overlay of y of 
280 and 254nm.  The lower graph shows the ICP280 and 254nm.  The lower graph shows the ICP--MS metal intensities MS metal intensities 
corresponding to the HPLC run.  Numbers displayed in red depict corresponding to the HPLC run.  Numbers displayed in red depict 
corresponding Se peaks in control samples.corresponding Se peaks in control samples.
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Figure 4. UV and metal chromatograms of egg Figure 4. UV and metal chromatograms of egg cytosolcytosol from from SeMetSeMet--treated treated 
O. O. latipeslatipes.  Upper graph contains the HPLC UV spectra displaying an overla.  Upper graph contains the HPLC UV spectra displaying an overlay y 
of 280 and 254nm.  The lower graph shows the ICPof 280 and 254nm.  The lower graph shows the ICP--MS metal intensities MS metal intensities 
corresponding to the HPLC run.  Numbers displayed in red depict corresponding to the HPLC run.  Numbers displayed in red depict 
corresponding Se peaks in control samples.corresponding Se peaks in control samples.
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