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Abstract-The umcellular marme algae, Dunallella prunolecta Butcher, Chlorella sp and Porphyrzdwm cruentum 
(S F Grey) were grown m artificial sea water containing a sublethal concentration of selemte, lo-’ g Se/l Both free- 
and protein-bound seleno-ammo acids were ldenttied The initial steps of selemum incorporation seem to involve the 
use of the sulfur enzymatic machinery resulting m the replacement of some of the sulfur by selenium m both free ammo 
acids and protans At relatively low selemum concentrations, selemum-specific enzymes seem to be m operation 

INTRODUCTION 

Oxoselemum anions m the environment affect the growth 
of marme algae m a number of ways, depending on the 
oxidation state of the element, Its concentration, the 
concentration of sulfate, and the species of algae [l] 
Thus, relatively low concentrations of either selenate or 
selemte are able to promote algal cell growth, while 
relatively high levels of selenate (lo-’ g/l) are lethal 
Equally high levels of selemte increase growth in some 
algae and have no deletenous effects m others at higher 
levels [l] In seekmg an explanation for these obser- 
vations, experiments have been undertaken to determine 
whether inorganic selenium dissolved m the marme 
growth medium was incorporated by the algae and, d so, 
into what biochermcal compounds it was transformed 
This mvestigation of the selemum-contammg molecules 
m algae 1s helpful tn tracmg the transfer of selenium 
through aquatic ecosystems Furthermore, it IS possible 
that the phenomena evident m algae may also be represen- 
tative of those occurring m higher organisms 

Dunalrella prlmolecta and Chlorella sp, two manne 
species of marme algae which show mtrmslcally different 
growth patterns as has been previously reported [ 11, were 
used throughout the expenments In some experiments, 
an alga which displays yet another behavior, Porphy- 
rldwm cruentum, was also studied These algae were grown 
m the presence of sublethal concentrations of selemte The 
selenium present in the cells and in their bmchernical 
components was assayed by atormc absorption spectro- 
scopy (AAS) This method ddfers from that of a previous 
study [Z] m that it does not require the use of 
radioisotopes 

Although selenium was found to be present m several 
bmchermcal components, mcludmg proteins, ammo acids 
and perhaps lipids and carbohydrates [3], this report 1s 
concerned pnmardy with the chemical charactenstlcs of 
the selemum-contammg protems and ammo acids 

RESULTS 

The results of the fractlonatlon of the free ammo acid 
extracts and protein hydrolysates by Ion-exchange chro- 
matography are discussed below Since the eluates were 
analysed for Se, only seleno-ammo acids appear m the 
chromatogram peaks illustrated m Figs l-4 

Isolatron and rdentIficatlon offree seleno-ammo actds 

(a) Dunahella pnmolecta The first ammo acid peak 
(Rg 1, A) was eluted with 20ml of 1 5 M HCI and 
corresponded to the Se analogues of cysteic acid or 
taurme Analyses of the sample by TLC usmg solvents 1 or 
2 indicated that the peak corresponded to ‘selenocysteic 
acid’ Corroboration was indicated by conversion to the 
O-methyl ester (BF,-MeOH) and TLC moblhty of the 
derwatlve 

The second peak (Fig 1, B) was eluted with 50 ml of 
1 5 M HCI Its mob&y coincided with that of S-methyl 
cysteme and presumably with that of Its Se analogue, 
other possible components of this fraction were the 
selenoxide and selenone of Se-methyl selenocysteme TLC 
of tius fraction usmg solvents 1 and 2 indicated the 
presence of Se-methyl selenocysteme and Se-methyl sele- 
nocysteme selenoxide A 2-D preparatwe TLC usmg the 
same solvents revealed three spots, all of which contained 
Se These results suggested that Se-methyl selenocysteme, 
its selenoxlde and Its selenone were all present 

The third peak (Ag 1, C) was eluted with 20 ml of 4 M 
HCI Analysis of this fraction by TLC with solvents 1 and 
2 independently pomted to the presence of Se analogues 
of cysteme, cystme and methiomne (comparison with 
authentic samples) Treatment with H202 caused two of 
the spots, selenocysteme and selenocystme, to remam at 
the ongm when ather solvent was used The 2-D TLC 
preparative run of oxidized sample usmg solvent 1 m the 
first direction and solvent 2 m the second, resulted m the 
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Fg 1 Fracttonatlon by Dowex 5OW-X8 Ion-exchange chromatography of the selentum contatnmg free ammo 
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Fig 2 Fractlonatlon by Dowex 5OW-X8 ion-exchange chromatography of the selemumcontauung free ammo 
acids of Chlorelln 

separation of three spots which were found to contam Se 
when analysed by AAS 

The fourth peak (Fig 1, D) was eluted with 50 ml of 
4 M HCl Using TLC with solvent 1, this fraction showed 
a single nmhydnn positive spot which contamed Se 
Tentative ldentdicatlon of the sample as Se-methyl sele- 
nomethlonme was confirmed m the following way 
Treating the sample with alkah changed the mobility of 
the spot m solvent 1 to that of methlonme and also to that 
of alkali-treated S-methyl methlonme or Se-methyl 
selenomethlonme 

(b) Chlorella sp The seleno ammo acid profile of 

Chlorella 1s shown m Fig 2 Three major selemum- 
containing ammo acid peaks were obtained which cor- 
responded well with those ldentdied for Dunalzella ‘sele- 
nocystelc a&’ m the fraction eluted with 20ml of 
1 5 M HCl (peak A), Se-methyl selenocysteme, Its sele- 
noxlde and Its selenone m the fraction eluted with 50 ml of 
1 5 M HCl (peak B), and selenocysteme, selenocystme and 
selenomethlonme m the fraction eluted with 20ml of 
4 M HCl (peak C) 

‘Selenocystelc acid’ cochromatographed with the 
product formed by peroxlde oxldatlon of selenocystme on 
TLC plates developed with solvents 1, 2, 3 or 4 A 2-D 
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Fig 3 Fractlonatlon by Dowex 5OW-X8 Ion-exchange 
chromatography of the seleno ammo acids hydrolysed from the 
proteins of Dun&e/la Points correspondmg to fractions 6 and 7 
are not plotted because of the values obtamed were considered to 

be unreliable because of instrument malfunction 

350- 

xx)- 

I2345678910 I2 I4 ‘I6 I6 20 22 24 s 

-HH20--+-I 5 N HCl-!-4 N HClA5 N HCl- 

Fraction member 

Ftg 4 Fractlonatlon by Dowex 5OW-X8 Ion-exchange 
chromatography of the seleno ammo acids hydrolysed from the 

protans of Chlorella 

preparative TLC run with solvents 1 and 2, yielded three 
spots, of which only one contamed Se and occupied the 
posltlon expected for ‘selenocysteic a&’ Methylatlon of 
this mated was accompanied by the correspondmg 
change m mob&y due to formation of the O-methyl ester 
of ‘selenocystelc acid 

The presence of Se-methyl selenocysteme (peak B) m 
Chlorella extracts was confirmed by its TLC mob&y 
using solvent 1, which coincided with that of S-methyl 
cysteme Upon oxidation, the ammo acid co-chromato- 
graphed with S-methyl cysteme sulfoxlde A 2-D TLC 
using solvents 1 and 2 yielded two spots which contamed 
Se and corresponded to Se-methyl selenocysteme se- 
lenone and other unidentified components 

The thud ammo acid mixture obtained from the Dowex 
column (peak C) consisted of the Se analogues of cysteme, 
cystme and methlomne as ldentdied by TLC usmg solvent 
1 After treatment with H202 the two faster moving spots, 
selenocysteme and selenocystme, remamed at the ongn 
The mixture was also SubJected to mass spectral analysis 
Molecular ion peaks corresponding to selenomethlonme 
and selenocystme were detected To confirm further the 
finding of selenomethlonme, the ammo acid mixture from 
the Dowex column was fractionated by TLC using solvent 
1 Three bands were obtamed, all of which contamed Se 

A comparison of the seleno ammo acids of Dunalzellu 
with those of Chlorella showed drastic quantitative dlf- 
ferences (Table 2) Whereas both algae contained ‘seleno- 
cystelc acid,’ Se-methyl selenocysteme, selenocystme and 
selenomethlomne, these components were present m 
different proportions ‘Selenocystelc acid’ predominated 
in Dunahella, whereas the fraction contammg selenocys- 
teme, ‘selenocystelc acid,’ and selenomethlonme was most 
abundant m Chlorella Furthermore, Dunabella con- 
tamed significant amounts of Se-methyl selenomet- 
hlonme, whereas this ammo acid was not found m 
Chlorella At this point, it was not clear whether these 
differences were due to vanatlons m the biochemical 
compositions of the algae, or to the fact that the algae were 
analysed at different stages of growth The fact that both 
algae incorporate ca equal amounts of Se (Table 1) seems 
to rule out the Se concentration of the growth medium as 
the cause of the blochem& differences between the algae 

lsolatlon and zdentljcattion of the seleno anuno acrds 
present m algal proteins 

(a) Dunahella pnmolecta Figure 3 shows the ion- 
exchange chromatogram of the Dunalzellu protein hydro- 
lysate Most of the Se which was recovered (91%) 
belonged to only one peak (Fig 3, C) correspondmg to a 

Table 1 Seknnun concentrations m bmchenucal components of various algae.* 

Dunalrella prmwlecta Chlorella sp Porphyruinun cruentum 

)18 Se/lOOmg per cent jig Se/lOOmg per cent fig Se/lOOmg per cent 

Total 
Proteins and polysacchmdes 
Llplds 
Ammo acids and soluble 
carbohydrates 

39 1 522 245 
61 156 07 13 20 8 
46 118 05 10 196 80 

284 726 510 977 29 12 

*Algae were exposed to lo-’ g/l Se as selemte Bmchenucal components were isolated by the TCA extraction procedure (see 
Experunental) Se concentration IS expressed m pg Se/100 mg dry wt 
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Table 2 Relative proportions of Selenium in ammo acid frac- 
tions separated by ion-exchange chromatography (Figs l-4) 

(Se %)’ 

Peak AS Peak Bt Peak Ct Peak Dt 

A Free ammo acids 
Dunalrella 568 169 17 1 92 
ChIorella 75 177 748 - 

B Protein hydrolysate 
Dunalrella - 91 909 - 
Chlorella 105 359 536 - 

*Relative proportions of the fractions were determined by 
plammetry of the areas under the chromatographlc peaks 

t Peak A, ‘selenocystelc acld’, Peak B, Se-methyl seleno- 
cysteme, its selenone and its selenoxlde, Peak C, selenocysteme, 
selenocystme and selenomethlonme. Peak D, Se-methyl 
selenomethionme 

mixture of selenocysteme, selenocystme and selenometh- 
Ionme This was verified by TLC using solvent 1, which 
yielded three spots Upon treatment with H202 the two 
previously faster moving spots, selenocysteme and sele- 
nocystme, remained at the origm Furthermore, a 2-D 
TLC run usmg solvents 1 and 2, resulted m the separation 
of three spots, all of which contamed Se 

(b) Chlorella sp Three major seleno ammo acids were 
found m the protein hydrolysates of Chlorella (Fig 4) 
Peak A was ldentlfied as ‘selenocystelc acid’ as indicated 
previously Peak B, which eluted with 50 ml of 1 5 M HCl, 
corresponded to Se-methyl selenocysteme and Se-methyl 
selenocysteme selenoxlde These compounds co-chro- 
matographed wrth S-methyl cysteme and S-methyl cys- 
teme sulfoxlde with TLC usmg solvent 1 Further venfi- 
cation was obtained by 2-D preparative TLC usmg 
solvents 1 and 2 Of the three spots that were obtained, 
only two contained Se They were identified as Se-methyl 
selenocysteme and Se-methyl selenocysteme selenoxlde 
by co-chromatographmg with the appropriate standards 

The third peak m the Chlorella protein hydrolysate 
(Fig 4, C) consisted of selenocystme as shown by TLC 
usmg solvent 1 A 2-D preparative TLC run usmg solvents 
1 and 2, yielded four spots of which only three contained 
Se The identity of the samples was confirmed by their 

TLC behavior agamst known standards, before and after 
oxldatlon 

Changes m Se-containing ammo acufs wtth tune 

The results of the experiments Just reported suggest 
that the seleno-ammo acid pattern of an alga exposed to 
sublethal Se concentrations depends on the stage of algal 
growth To test this hypothesis, Dunalzella was grown for 
varying periods of tnne, from 9 to 32 days after mocu- 
latlon, 1 e from the middle of the exponential growth 
phase to well mto the stationary growth phase [l] The 
results are summarized m Table 3 It 1s observed that the 
seleno-ammo acid pattern of algal cells exposed to a 
relatively large amount of Se does change with the period 
of exposure and affects both the free ammo acid pool and 
proteins, although m a different manner 

DISCUSSION 

The expertments described demonstrate that when 
algae are exposed to environmental Se m the form of 
selemte, they are able to mcorporate the element to 
different degrees, depending on the algal species (Table 1) 
It must be borne m mind, however, that although the algae 
were exposed to the same concentration of Se m their 
growth medium (10e2 g/l Se as selemte), they were 
maintained m the medium for periods of tune which 
varied with the growth rate of the mdlvldual species 

The dlstrlbutlon of Se among blochermcal components 
of algae shown in Table 1 differs markedly from that 
reported by Wrench [2] Most of the Se was associated 
with the fraction containing ammo acids and soluble 
carbohydrates of Dunallella prrmolecta and Chlorella sp , 
and with the hpld fraction of Porphyrtdlum cruentum 
Wrench [2] found most of the radioactive Se m the 
protein fraction of Tetraselmts tetrathaele and Dunalzella 
mrnuta These differences are probably due to the nature 
of the algal species, or the extraction procedures and 
method of detection 

The ammo aclds, both free and protein-derived, which 
we found associated with selenium, are all sulfur analogs, 
suggesting that when exposed to sub-lethal, but higher 
than trace concentrations of Se, the algal cells tend to 
substitute Se for part of their sulfur Thus, under over- 
loading condltlons, Se appears to use the sulfur enzymatic 

Table 3 Free and protemdenved seleno-ammo acids m Dunaltella prlmolecta exposed to selemte for various penods of time 

Time of 
exposure m days 
(harvest time) 

Free seleno ammo acids Protem derrved seleno ammo acids 

Peak A* PeakB Peak C Peak D Unknowns Peak A* Peak B PeakC Peak D Unknowns 

9 29 7 39 54 329 28 1 379 62 1 
12 207 205 280 284 24 112 186 702 
15 13 8 270 302 220 70 307 125 43 8 130 
20 649 351 50 5 21 186 28 8 
25 14 3 459 133 265 612 126 26 6t 
32 51 60 448 105 336 247 53 3 220 

*Peak A, ‘selenocystes acid’, Peak B, Se-methyl selenocysteme, Its selenoxide and its selenone, Peak C, selenocysteme, 
selenomethlonme and selenocystme, Peak D, Se-methyl selenomethlonme Ammo acid fractions were obtamed by ion-exchange 
chromatography Selenium was determmed in each 10 ml eluate by atomic absorption spectrometry The area under each peak was 
determmed by plammetry of the chromatograms 

t Sums of three unknowns 



Algal seleno ammo acids 2449 

system, while under normal, lower levels, Se-specific 
enzyme systems seem to be in operatron, at least in 
bacterial systems [4] 

T’he ammo acids found to contam Se m the present 
work are quahtatlvely the same as those reported pre- 
vlously by Wrench [2] However, hs ldentticatlon of the 
ammo acids was based solely on their column chromato- 
graphic behavior Our ldentdicatlon was supplemented by 
separation using various TLC systems, m several cases 
before and after chemical moddicatlon In this sense, our 
observations should be more defimtlve Se-methyl sele- 
nomethlonme that we have characterized 1s probably one 
of his unknowns Table 2 shows that most of the Se m free 
ammo acids derived from Dunalzellu was present as 
‘selenocystelc acid’ On the other hand, the prevailing 
fraction of Se analogues m the free ammo acids of 
Chlorella and m the proteins of both algae, was a mixture 
contammg selenocysteme, selenocystme and seleno- 
methlonme 

During the mltlal stages of this study, the algae were 
analysed at undetermined stages of growth Some of the 
differences m mdlvldual seleno-ammo acid content could 
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be due to the duration of the exposure to Se or to the 
varying concentrations of Se in the growth medium This 
posslbdlty was explored m the time study (Table 3) which 
shows that the pattern of Se mcorporatlon mto algal 
ammo acids and protem depends on the duration of 
exposure The data m Table 3 show also that the time 
pattern found m free seleno-ammo acids does not comclde 
with that found m protem-bound seleno-ammo aads, 
even though the seleno-ammo acids detected m both pools 
are essentially the same Thus, from these data It IS very 
difficult to establish the existence of any possible relatlon- 
ship between two pools Table 1 shows, however, that 
more of the Se associates with the ammo acid fraction 
than the protein fraction 

The mformatlon about free and protein-bound seleno 
ammo acids provided by the two major experiments 
described herein can be tentatively explained by a 
common scheme such as the one shown m Fig 5 In this 
proposal, it 1s assumed that selenocystelc acid 1s the first 
ammo acid formed after the cell mvaslon by Se 
Selenocystelc acid IS then methylated to Se-methyl sele- 
nocysteme selenone This product undergoes reduction 

Selenlte Selenocystelc 
acid 

Se - methyl selenocysteme 
selenone 

CH2-Se -Me 

CH2SeH 

I 

COO” 
Selenocystelne 

I 

Se - methyl selenocysteme 
selenoxtde 

Se - methyl 
selenocysteme 

\ 

1 
(CH*),SeMe 

I 
CHNH, ____c 

I 
COO” 

Selenometiomne 

(Wh Se+(Meh 

I 
CHNHl 

/ (Me)zSe Dunethyl selemde 

I 
COO” L Me.%-SeMe 

Dlmethyl dlselemde 
Se- methyl 

selenomethlonme 

Fig 5 Proposed metabohc events that would relate the seleno ammo acids found m the present report m both the 
free and protem-bound fractions All compounds hsted have been ldentlfied 
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to the respective selenoxlde and finally to Se-methyl 
selenocysteme Somewhere m this area the formation of 
selenocysteme occurs Selenocysteme, Se-methyl seleno- 
cysteme or both, may conceivably be converted into 
selenomethlonme and this compound 1s methylated fur- 
ther to Se-methyl selenomethlomne This compound may 
be a precursor of methylated selemdes m higher plants 
[S, 6] and has presumably the same role in algae We were 
able to detect the presence of methylated selemdes from 
cultures supplemented with selemte by their smell, and 
AAS analyses of the gases evolved from the algal cultures 
confirmed the presence of Se However, in our hands, GC 
and GC/MS analyses have so far given uncertain results 
about the exact chemical nature of the compounds 
evolved 

Thus, our proposal constitutes a series of methyl- 
atlon-reduction and reduction steps that would provide a 
way of ehmmatmg toxic Se from thecell It IS interesting to 
note that a series of methylatlon-reduction reactions 
appear to be operational also m the detoxrficatlon of 
arsenic m living cells [S] It 1s conceivable that the 
reduction of organoselemum and organoarsemc com- 
pounds does not occur in living cells without the mvolve- 
ment of a concurrent methylatron process 

Recently, an alternative proposal has been put forward 
by Genmty [3] to explain Se metabolism m plants The 
scheme, shown m Fig 6, 1s based on two assumptions 
First, the bmchermcal mechamsms occurring m higher 
plant cells are basically analogous to those m algal cells 
Second, Se follows sulfur metabolism when It IS being 
incorporated into ammo acids and proteins In this 
scheme, selemte 1s either converted to selenocystelc acrd or 
to hydrogen selemde and selenocysteme This compound 
1s further metabohzed by alternate pathways In one 
of these, selenocysteme is converted to selenocystathlo- 
mne which IS probably one of the unknown peaks m our 
ion-exchange chromatograms, and selenohomocysteme 
Methylatlon of this compound produces selenometh- 
lonme and methyl selenomethlonme, which gves nse to 
gaseous dimethyl selemde In the second pathway, sele- 
nocysteme IS methylated to methyl selenocysteme, which 
IS then oxldlzed to its selenoxlde and selenone The 
selenoxlde gives rise to dimethyl dlselenrde 

EXPERIMENTAL 

Axemc cultures of Dunohellu pnmolecta Butcher, Chlorella sp 
and Porphyrtdzum cruentum (S F Grey) were grown m Mueller’s 
artficlal sea water medium (MASW) m the presence of Se at 
10m2 g/I in the form of selenlte as described [l] In the uutlal 
expenments, the algae were grown in 2 1 batches of medium m 6 I 
tlasks to the late exponential stage (lo6 cells/ml), which mvolved 
different penods of growmg time for the different species These 
experiments were repeated until the results were quantltatlvely 
reproducible The cultures were harvested by centrlfugatlon or 
filtration, and repeatedly washed with MASW with no added Se 
yielding ca 0 5-2 0 g (dry wt, lyophlhzed) of cells The same 
procedure was followed in the time study experiment In which 
only Dunahellu was used Rephcates (10, 2OOml each) were 
combined at the respective times In this manner, a statIstical 
average was bmlt into the experunent The time pcrmds selected 
for harvesting Dunahella were 9, 12, 15,20,25 and 32 days In all 
cases, growth was determmed by measunng turbidity with a 
Bausch and Lomb Spectromc 20 spectrophotometer equipped 
with a far red lamp, a 660 nm filter, and adJusted to a wavelength 
of680nm [I] 

Extraction ofalgae Algal ammo suds, proteins, carbohydrates, 
lipids and nuclac acids were extracted by two d&rent pro- 
cedures. The first mvolved treatment Of l-2g Of washed cells HRth 
ca 25 ml of a 5 % tnchloroaceuc acid (TCA soln) [7j The slurry 
of cells was homogenuad using a Potter EivehJem tissue grmder, 
filtered under red pres through a smtered glass funnel of fine 
porosity, and the residue washed several times with 5 ml ahquots 
of the cold TCA soln The residue contamed the proteins, 
insoluble polysaccharides and nucleic acids The TCA soln was 
then extracted with CHCl,-MeOH (2 1) to isolate the hpld 
fraction The resultant TCA soln contamed free ammo acids and 
soluble carbohydrates These two fractions were analysed for Se 
by AAS 

The second extra&on procedure was based on that previously 
described [8] The cells were homogemzed as desmbed and 
extracted first with 80% and then 95 % hot EtOH (3 x 50 ml) 
The resulting insoluble material containing proteins, nucleic 
acids and insoluble polysaccharldes was separated by filtration 
from the hot EtOH and set aside After evaporation of the EtOH 
extract, the residue was dissolved m 40 ml H20, and this soln was 
extracted with petrol to obtain a soln of lipids The aq layer was 
evaporated to yield free ammo acids and soluble carbohydrates 
Evaporations were performed on the hqmds contamed m a 
round-bottomed flask connected to a vacuum pump Heat 
furnished from an external steam bath was occasionally apphed 

Both the TCA and EtOH methods of extraction were com- 
pared and found to gwe identical results The TCA extraction 
procedure was used m ref [Z] and, therefore, uutlally used by us 
to provide a basis for comparison of those results with ours 
However, this method was so tedious that we changed to the 
EtOH method which greatly reduced the time necessary to 
perform the extractions 

Protem hydrolyses The insoluble matenal contammg proteins 
was subjected to the enzymatic hydrolysis procedure of ref [2] 
The protem-contammg materlal from both extraction pro- 
cedures was slumed m 15 ml of 0 01 M KF’I buffer, pH 7 6, 
contammg a small amount of chloramphemcol to prevent 
bacterial contammatlon Pronase (ca 70 mg) (Protease type V, 
Sigma) was then added, and the resulting suspension was stirred 
for 24 hr The suspension was filtered and the residue was again 
suspended and treated with pronase for an addltlonal24 hr The 
material was then filtered and the filtrates were combined The 
enzyme was prenpltated by the addlhon of ca 5 ml of Me&O 
and removed The solns were evaporated by placing the sample in 
a vacuum desiccator over NaOH pellets and connecting the 
desiccator to a vacuum pump This yielded a residue of ammo 
acids The residue coming from the above filtration (polysac- 
charade and nucleic acid fraction) was washed and stored for 
subsequent Se analysis 

Fracttonatlon of ammo acuis by Ion-exchange chromatography 
The free. ammo acids, as well as the ammo acids resulting from 
protern hydrolysis, were chromatographed using a column of 
Dowex 5OW-X8-400 (id 15 cm, length 15 cm, sample wt 
0 Ol%l3 g) The resin was activated by treatment with HCI, and 
then washed to neutrality The columns were eluted routinely, 
except when otherwise indicated, with 6Oml H20, 6Oml 
15 M HCI, and 60 ml 4 M HCI Eluates of 10 ml each were 
collected and analysed further by TLC on Slhca Gel 60 H 
(Merck) using four solvent systems (1) Me,CO-H,O-pyn- 
dm+HOAc, 75 20 5 1, (2) n-BuOH-HOAc-H20, 12 3 5, (3) n- 
BuOH-HOAc-H,O, 25 6 25, (4) n-BuOH-pyndme-H,O, 
111 

Relative concentrations of the various selenmmcontammg 
fractions from the Dowex 5OW column were measured by 
planimetry of the chromatographic bands (Rgs l-4) 

To be sure that selemte was not present m the ammo acid 
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eluates a soln contammg a known concn of H&O, and cystme 
was passed through the Dowex 50 column used for the ammo 
acid separations Elutlon with Hz0 ylelded the selemte quantltat- 
lvely and elutlon with 60-70 ml of 4 M HCl did not yield any 
detectable Se m any of the fractions Also, to prove that the 
selemte could be separated from the carbohydrates, a known 
amount of selenlte was passed through a Dowex 1 column and 
washed with H,O No Se was detected m the Hz0 No Se was 
detected in the Hz0 eluate 

Authentic samples of the following seleno-ammo acids were 
available and used to confirm the IdentItles of the seleno-ammo 
acids selenocysteme, selenocystme, selenocystamme, seleno- 
ethlorune and selenomethlomne These and the sulfur ammo 
acids were purchased from Sigma 

‘Selenocystac acid’ IS reported as a metabolic product m thts 
paper, but authentic samples of this compound were not 
available The term ‘selenocystelcacld 1s used m this paper for the 
labeling of that compound (or compounds) which contained Se 
and eluted with the ammo acids Furthermore, this Se compound 
displayed the same elutlon charactenstlcs, on the column and co- 
chromatographed with the product formed by the hydroperoxlde 
oxldatlon of selenocystme It was suggested [9] that the com- 
pound formed by hydroperoxlde oxldatlon of selenocystme IS the 
selenuuc acid of selenocystme Interestingly, the ‘selenceystelc 
acid’ report m this work co-eluted with cystelc and It has also 
been stated [9] that “the moblhty of a sulfur compound and its 
selemum analog was found to be essentially the same m each 
solvent system studled ” The compound identified m this paper as 
O-methylselenocystelc acid showed identical chromatographlc 
properties followmg O-methylatlon (BF,-MeOH) as that ob- 
tamed by BF,-MeOH treatment of the product obtained by the 
hydroperoxlde oxldatlon of selenocystme Hence, the absolute 
ldentlficatlon of the compound identified as ‘selenocystelc a&’ 1s 
not certain It is quite certam that it 1s an ammo acid umtannng Se 
m a higher oxldatlon state The need for a better understandmg of 
selenomc aclds, especially selenocystelc acid, has been mentloned 
by several authors [ 10, 111 

Se anolysls Ammo acid samples from both free ammo acid and 
protem hydrolysate fractions were evaporated to dryness in a 
vacuum desiccator over NaOH To each sample was added 3 ml 
of a 0 1 N HNO, soln contammg 400 ppm Nl(NO& and 
sotucated for 3 mm at room temp Ahquots (50 4) of the samples 
were inJected into a Perku-Elmer 272 Atomic Absorption 
Spectrometer equipped with a 2200 HGA power unit, using 
pyrolytlcally coated graphite cuvettes Argon was used as the 
tamer gas The AA spectrometer employed the followmg 
program drying temp, 95” for ‘IOsec, ashmg temp, 600” for 
10 set, and atonuzmg temp, 2700” for 4 set Se was detemuned by 
comparison of A to peak height Peak heights were calibrated 
using known cones of seletnous acid as standards 

Isolatron and ldentlficatton of Se-contauung gas Axemc cul- 
tures of Dunahella prrmolecta, which had been previously grown 
to the late exponent& phase, were maculated into gas bottles 
contammg 15 I of sterde MASW to which lo-’ g/l Se as selemte 
had been added A stream of au filtered through a 0 45 pm pore 
size Mllhpore filter was allowed to contmuously bubble through 
the cultures After the cultures had reached the exponentlal phase 
of growth and gas production was evldent, as indicated by the 
garlic-hke odor, the effluent was bubbled through ca 50ml of 
CHICI, mamtamed at - 77” for 7 days Brz was added to the gas- 
CH$& soln which was allowed to return to room temp The 
brommated soln was evaporated under red pres yielding a small 
residue of a pale yellow 011 which was found by AAS to contam 
Se 

A series of unsuccessful attempts were made to trap sutliclent 
quantities of the gas(es) to allow for GC/MS separation and 
ldentdicatlon of the seletnum-contammg gases The attempts 
were severely hmlted by the ddlicultles mvolved m obtammg a 
large enough mass of cells per vol of culture that would produce 
the desired quantity of these Se-contanung gases 
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