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INTRODUCTION 

For several de cades, excessive leve ls o f  se lenium in feeds have 

been known to cause various toxic symptoms in livesto ck . Excessive 

se le nium levels in feeds are the result of plant.s growing on soils 

which contain signi fican t leve ls o f  available se lenium. The natural 

cycling process by which se lenium be comes availabl e appears to involve 

various.chemical weathering pro cesses . In addition , microbial action 

may play either a dire ct or indire ct ro le in rendering selenium 

soluble (1) . 

1 

The extent to which microorganisms are involved in the nat ural 

cy�ling processes has been subj e ct to considerable dis cussion . It has 

been demonstrated that mold can convert selenate or se lenite to a 

volatile substance with a garlic-like odor. The substance has been 

identified as dimethyl se lenide (2). Other workers (3,4) showed that 

the addition o f  se lenite or selenate t o  soils resulted in the volatili

zation or loss o f  se lenium. The vo latilization was shown to be due to 

microbiological action, b ut the identity o f  the organisms was not 

determined . 

Unpublished work from South Dakot a State University has indicated 

that bacteria might also be involved in the methylation o f  se lenium. 

Recently, other workers (5) have isolated one co�ne form bacterium 

which can convert inorganic se lenium to dimethyl se lenide . This is not 

ne cessarily surprising since bacteria have been shown to be involved 

in the methy lation o f  mercury and arsenic (6,7). Since little is kno wn 



concerning the act ual involvement of bacteria in the nat ural cycling 

of se leni um, this st udy was t.mdertaken for the following purposes: 

1 .  To isolat e and identi fy soil bacteria whi ch are capab le of 

convert ing inorganic selenium to volat i le compounds. 

2. To ident i fy the volatile se lenium compound (s) generat ed by the 

isolated bacteria. 

2 
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LITERATURE REVIEW 

In the 1930's, selenium was identified as a p otent toxic  subst ance 

for cat tle and other livesto ck (8) . This focused at t ention on the 

bio chemical properties of selenium comp ounds . The t oxicity o f  selenium 

has been discussed in several reviews ( 1, 9, 10) . 

Simult aneously, work began accumulating which showed the element 

might have other biological effects . A few higher plants, such as 

Astragalus, accumulate relat �vely large amounts o f  selenium . Some of  

the Ast ragalus species, when cultured in the laboratory in solution 

or moist s and, exhibited markedly impro ved growth in resp onse to the 

addition o f  selenium (11) . 

In 195 7, selenium was identified as the essent ial component of 

a dietary fact or that protected rats from severe necrot ic  degeneration 

of the live·r ( 12 ) , this finding led to the recognition by animal 

nutrit ionists that several ·imp ort ant livesto ck diseases were act ually 

selenium defi ciency syndromes ( 13) . The element has now been approved 

for addition to the diets o f  swine and p oult ry ( 14 ) . 

Until recently, lit tle was known about the specific role or roles 

o f  selenium . I t  is . becoming.increasingly evident _that animals, 

bacteria, and p ossibly higher plants all require t ra ce amounts of 

selenium. When avail'able in the proper· .amount s·� the sel�nium 

is in corp orated in a highly specific fashion int o  certain functional 

proteins o f  the cell (15) . Three enzyme-catalyzed reactions have been 

shown t o  require the participation of a selenium containing protein (15) ; 
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these are the re�ctions cat alyzed by formate dehydrogenase o f  bacteria , 

glycine reductase o f  clostridia , and glutathione peroxidase o f  erythro

cytes.  

As early as 1934 , Challenger and North (16) showed that two s trains 

of Scopulariopsis brevicaulis could convert selenite or selenate -to 

a volatile selenium comp o\llld ,  which the authors assl.lllled to be dimethyl 

selenide (DMSe) . In later work (2) , the identity o f  the volatile product 

was con firmed to be DMS e .  Challenger ( 1 7)  presented a p athway for the 

formation of dimethyl selenide from selenite by mold (see Fig . 1 . ) . 

It has been reported tha t fungi o f  several genera are able t o  form 

dimethyl selenide . Challenger et al. ( 2) reported that S copulariopsis 

brevicaulis and Aspergillus niger could pro duce dimethyl selenide from 

selenate.  Fleming and Alexander ( 1 8) also demonstrated that a strain 

o f  Penicillium could convert inorganic selenium to a volatile form 

�denti fied as dimethyl selenide . 

Recently, one coryneform b acterium was found which can convert 

inorganic selenium t o  dimethyl selenide (5 ) .  In later work , Doran and 

Alexander (19) reported that the conversion o f  selenite and selenate 

to volatile products was enhan ced if soil was amended with organic 

materials . The authors also suggested that the microbial formation of 

dimethyl selenide was widespread. 

In higher p lants, certain Astragalus species which are called 

"accumulator plants" and may require selenium for their growth , 

have been shown to accumulate very high levels o f  selenium (11,20) 
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and produce a garlic-like odor . Chris tine et al . ( 2 1) isolated the 

vol at ile selenium comp ounds from As tragalus .racemosus (Pursh . ) .  and 

identi fied one of the ether-soluble comp ounds as dimethyl ·diselenide 

(DMDSe) by gas-liquid chromat ography .  

In a rather specialized case , Lewis et al . ( 22)  found that 

dimethyl selenide was produced from cabbage leaves by enzymatic cleavage 

o f  Se-methyl selenomethionine selenonium salt . 

There has also been grea� interest in t he me thylation of  selenium 

by animals . In 1952 , McConnell and Portman (23 ) iden t i fied dimethyl 

selenide as the vol· tile product which was produced when rats were 

inj ected with selenite .  McConnell and Portman ( 24) s howed the toxi city 

to be 1.6 g Se/Kg which :J.s ·very low compared _to s elenite ( 3 . 5  mg. Se/Kg) . 

Consequently , most workers have considered methylation t o  be the method 

of selenium detoxification used by animals . 

Another methylation product o f  animals is trimethylselenonium ion ,  

+ ( CH3) 3se , which was found as a urin�ry metaboli t e  o f  selenium in 1969 

(25 , 26 ) . Trimethylselenonium ion appeared to b e  the main excret ory 

product o f  selenium metabolism, since it ro utinely accounted for 30-50% 

of the urinary selenium, regardles s o f  whether .high or low doses of 

selenium were g�ven. Trimethylselenonium ion may also represent another 

example o f  a methylated detoxification comp ound o f  selenium. Obermeyer 

et al . (2 7 )  showed its toxicit y to b e. 49 .  4 "mg Se[Kg w.hi.ch is . .  much. less. 

t oxi c�than selenite .  
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Ganther ( 2 8) performed a study on the enzymic synthesis of dimethyl 

selenide from so dium selenite in mouse liver ex.tracts , the probable 

methyl donor for this pro cess was shown to be S-adenosyl-L -methionine, 

and the system had a specific requirement for glutathione . Reduced 

triphosphopyridine nucleotide (TPNH) , coenzyme A, adenosine 5'-tri-

phosphate (ATP) , and magnesium were also required for op timal a ctivity . 

Recently , Hsieh and Ganther (29)  have postulated a p athway for the 

bioaynthesis of hydrogen selenide and other selenides from selenite 

(see Fig .  2 . ) .  They suggested that under anaerobic conditions , 

glutathione redu ctase or excess glutathione effe ctively reduced 

glutathione selenopersulfide ( GSSeH) to the -2 oxidation state . But 

it is still uncertain if this will o ccur under aerobic conditions . 

glutathione 
reductase 

glutathione 
reductase 

Acid-labile 
protein-Se 

H2seo
3 

lc---4 
GSH 

! --�> GSSG 
GSSeS G  

le ___ :_:::, GSH 
GSSeH 

TPNH 

TPN
+ GSH ---� , 

S-aden6syl-L-methionine 
1. CH

3
SeH 

------------� 2 .  ( CH3) 
2

se 
Methyl transferase + 

3 .  ( CH3) 
3

se 

Fig . 2 .  Pathway for biosynthesis of hydro gen selenide and other 

selenides from selenite . 



· Methylation of selenium appears to be an important pro cess in 

the detoxification of selenium as far as animals are con cerned . The 

role of methylation in the overall cy cling of selenium in nature is 

tmclear , b ut a short review of possib le involvement will be given . 

8 

Shrift (30) reviewed the selenium cy cle in nature. H e  suggested 

that selenium may have a biological cycle similar to those of carb on, 

nitrogen , and sulphur . Within each there occur organisms which reduce 

the most oxidized fo rm of the element , and other organisms which : 

complete the cy cle by oxidizing the reduced element to its initial 

state . He also pointed out that selenium accumulator plants ,  always 

associated with semi-arid seleniferous soils, b iosynthesiz e  organi c 

selenium compo unds such as Se-methylselenocysteine and seleno cysta

thionine, and release these compounds into the soil when they decay . 

If there were no way to oxidize these compounds , one would expect a 

gradual increase of organic selenium . B ut surprisingly , the selenium 

in these soils is primarily inorgani c .  The absen ce of organic selenium 

has been attributed variously to absorp'tion by plants , to leaching, 

and to chemical conversion into inorganic compounds . Another 

possibility is oxidation of the organi c selenium by mi cro organisms . 

The mechanisms involved in the movement of low levels of selenium 

through the soil-plant-animal chain have been reviewed by Allaway et al . 

(31). 

The forms of selenium present in soils include : selenide, elemental 

selenium ,  selenite, selenate and various organic forms . The seleniwn 
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from selenide or elemental forms has not been considered as an imper-

tant source for plant uptake ( 32) . Selenite is found under oxidizing 

conditions , . but is·. readily immobilized by either. p re cipitation in 

ferri c iron complexes or adsorption on sesquioxides ( 3 3) . Alkaline 

conditions favor the fo rmation of selenates .  

Selenite and selenate are both taken up by the ro ots of plants . 

Within the plant these forms of selenium are reduced to the -2 oxidation 

-2 state , and the Se is in corp orated into solub le amino a�ids , pro tein-

b ound amino a cids , or both .  Allaway et al . ( 3 1 )  stated in their review · 

that in most studies of the soluble selenoamino acid in pl ants , seleno-

cystathionine and/ or seleno -glutathione has been noted , although these 

have usually been present in minor amounts in the non-accumulator 

plants . These seleno compounds will be released into the soil when the 

plants de cay . 

Under natural conditions , the movement of low levels of selenium 

from plants to animals is primarily a movement of p rotein-bound seleno-

methionine , with lesser amo unts of selenates , selenites and other 

o rganic selenium compounds . The maj or ex cretory product of selenium 

metabolism in animals is trimethylselenonium ion in the urine ( 25 , 26) . 

Actually , besides the soil-pl·ant-animal chain ,  microorganisms 

are very important in the selenium cycle . As stated earlier ,  Challenger 

and North ( 1 6 )  reported that two strains of S copulariopsis brevicaulis 

can convert selenite or selenate to a substan ce with a garlic-like odor. 

�hey concluded that the volatile product was dimethyl selenide . 
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75 
Abu-Erreish et·a1 . (4) _reported·that Se added as selenite 

or as selenate to a mixture of soils was converted to a volatile form . 

Autoclaving the soil or using a nitrogen atmosphere inhibited Se 

evolution almost completely , indi cating the involvement of micro-

organisms . 

Recently, Fran cis et al . ( 34) demonstrated that dimethyl selenide 

was produced from soils after the addition of selenite and glucose . No 

DMSe w�s prqduced aerobically _i� the sel�nium-rich clay soil 

if it received glucose b ut no selenite . Later , Doran and Alexander (19) 

found that selenium was volatilized from soils amended with elemental 

Se , selenite , selenate, trimethylselenonium chloride , selenomethionine, 

and selenocystine when in cubated in air or anaerobically . In a study in 

which Lima loam soil was in cubated in air with various inorganic 

(selenium element, selenite and selenate) and organic forms (seleno-

cystine , selenomethionine and trimethylselenonium chloride) , dimethyl 

selenide was isolated as a volatile product . The authors also isolated 

a methionine-utiliz ing pseudomonad from soil , which converted seleno-

methionine to dimethyl diselenide (DMDSe) when in cubated in air . 

From the facts mentioned above , it appeared that the processes 

in soil which converted organic or inorganic selenium to volatile 

compounds were wholly or largely the result of microbial action . 

Doran arid Alexander (19) suggested that the mi crobial formation of 

DMSe was widesp read . 

Although plants and animals do release DMSe or DMDSe, it probably 

does not result in a si gnificant contrib ution to atmospheric seleni�m . 



However , the microbial metabolism of organic selenium compounds , 

originating fro m plant and animal residues, could result in release 

of considerable quantities of volatile selenium to the atmosphere . 

After a period of time , D:MSe may change to another form and return 

to the earth in rain water . Therefor�, the conversion- of· volatile 

selenium comp ounds from inorganic and organic forms of selenium by 

micro organisms may play an important role in the cy cling of the 

element . 

11 

This study was undertaken to examine further the role that 

bacteria might play in the natural cy cling of �elenium . Spe cifi cally , 

the obj e ctives are to identify soil bacteria which are capable of 

converting selenite to volatile compo unds , and to identify the volatile 

selenium compound (s) generated by the isolated b acteria . 



MATERIALS AND METHODS 

Media 

Nutrient agar plates containing 20 ppm Se were prep ared by 

autoclaving 1000 ml nutrient agar medium ( Difeo ) . After the medium 

had cooled, 10 ml of a solution containing 2 000 ppm Se as sodium 

selenite were added . The medium was then poured into petri dishes , 

and allowed to solidify . The pl ates were stored in a refrigerator 

until used . 

12 

A synthetic medium was prep ared from two sto ck solutions .  Solution 

A contained 30 gm Na
2

HP0
4

, 15 gm KH2Po4 and 20 gm glucose dis solved 

in 200 ml of distilled water . Solution B contained 5 gm NH4 c1 , 2 . 5  gm 

NaCl and 2 . 05 gm MgS04·7 H2o disso lved in 50 ml of distil led water . 

Forty ml of solution A and 10 ml of solution B were mixed and fil tered 

through a sterile bacterial filter,  the filtrate was added aseptically 

to 9 50 ml o f  . s terile distilled water to make 1000 ml medium . Ten ml 

of a s olution containing 2000 ppm Se as sodium selenite were added to 

obtain the 20 ppm selenium medium . 

Throughout this study , Difeo products ( Difeo Laborat ories 

Incorp orated , Detroit, Michigan) were used as the b io chemical test 

media . 
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Source and isolation o f  bacteria 

Soil sainples from three locations were studied as sources of 

selenium-volatilizin g  bacteria . 

1 .  The sample labeled "Soil" was the surface 152 mm of a well formed 

soil derived from the Mobridge member of the Pierre formation 

which is known to be highly seleniferous . 

2 .  The sample labeled "M" was partially weathered material from the 

Mobridge member of the P_ierre formation in an area where 

Astragalus racemosus grows . 

3 .  The sample labeled "A" was taken from the re gion where Astragalus 

racemosus plants grow . 

4 .  Culture No . 1 was p reviously isolated in this laboratory, but 

never identified.  

Procedures for isolation of the bacteria were as follows : 

1 . For each soil sample, 5 gm were dispersed in 100 ml o f  sterile 

water giving 5xlo-2 g/ml . Series dilutions were made to obtain 

Sxl0-4 and 5xlo-6 g/ml suspensions . 

2 .  One ml of all dilutions o f  the soil suspension were spread over 

nutrient agar plates containing 20 ppm Se . 

0 3 .  All ino culated plates were incubated at 32 C .  After 24 hours, 

plates were sele cted which contained discrete colonies . Inoculates 

from each colony were transferred to .new seleniu�Lplates . 

4 .  "The plates , to"which the various .types of colonies .were 

transferred , were incub ated for 24 or 4 8  hours . They were then 

32329S 
SOUTH DAKOTA STATE UNIVERSITY LJBRARY 



examined for garlic-like odor . The colonies on plates in which a 

garlic-like odor was detected, usually turned to reddish-brown after 

2 4  or 48 hours . 

5. Colonies from plates in which the odor of volatile selenium was 

detected were transferred several times to new nutrient agar plates 

until a pure culture was obtained . The culture was considered p ure 

when only one type of organism could be detected under the microscope 

after completion of the Gram stain . The cultures were p eriodi cally 

transferred and stored on nutrient agar . In the event the p urity of 

the culture was questioned , new transfers were made to determine that 

the cultures could still produ ce volatile selenium from plates 

containing sodium selenite.  

14 
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.Collection o f  volatile selenium compounds produced from b acteria . 

The synthetic medium described earlier was used in all o f  the 

studies which follow . 

Some o f the de fined medium (5. ml) was transferred aseptical�y 

into sterile capped tubes , these tubes were inoculated with a culture 

from nutrient agar slants and in cubated at 32
°

c in a Model 50 Shaker 

Bath (Precision Scientific Company} . The cultures were usually incubated 

for 18-24 hours ,  and were used ·· to inoculate large flasks o f  medium 

for the production o f  volatile products . The entire contents o f  the 

culture tubes were aseptically transferred into a 4 liter flask 

containing 1 liter of the defined medium which contained 20 ppm Se 

75 -2 
as selenite . One ml of a stock solution of  SeO was also added to 

3 

facilitate quantitation and identification o f  volatile selenium 

comp ounds . The medium-containing flask was then attached to a series 

o f  traps as shown in Fig . 3 .  

The cold trap .and dry ice-ethanol trap were used to remove excess 

moisture . The trap for volatile selenium products consisted o f  a tube 

packed with alterna�e layers o f  activated charcoal and glass wool. Six 

or seven layers o f  charcoal (0 . 5  gm per layer) were usually used . This 

type o f  trap was shown to be ef fective in trapping volatile selenium 

products by Lewis et al. (35). Air was forced through the entire 

apparatus at a rate o f  400 ml /min . 

Volatile products were collected during a five day in cubation 

period . At the end o f  this time , the charcoal layers were sequentially 

removed , and the radio activity was determined with a Packard Tri-Carb 



flow meter � 

wool 

--��Activated charcoal granules 

�Air inlet 

Dry ice-ethanol trap Crushed ice cold trap medium 

Fig. 3. Apparatus used for the collection of volatile selenium compounds 

generated from bacteria. 

......... 
°' 
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Scintillation Counter . 

Each layer of charcoal was placed in a stoppered 15 ml centrifuge 

tube . The volatile selenium compounds were extracted from activated 

charcoal by the addition of 2 ml of carbon disulfide . Samples were 

routinely left in contact with the solvent for at least 2 hours to 

ensure that equilibrium had been reached . Sam�le s  were then taken and 

analyzed for selenium by the method of Olson et al . ( 36) . Other aliquots 

were analy zed by gas-liquid chromatography. 

Carbon disulfide was chosen as solvent be cause it has been shown 

to be e ffective in extracting the volatile selenium compounds from 

charcoal, and it does not give large signals with the hydrogen flame 

detector ( 21 , 3 7) .  It was used as the solvent in all studies reported 

here . 

In some studies such as those designed. to determine the total 

amount of selenium evolved, it was necessary to have a very efficient 

trappin g  system . Nitric acid has been shown to b e  a good trapping agent 

for the volatile selenium compounds by Abu-Erreish e t  al . (4), and it 

was used in some studies reported here . 

In the spec�fied studies, 150 ml of 8 N HN0
3 

were placed in a 

container with a fritted glass gas disperser . Air was forced through 

the culture flask and into the trap at the rate o f  400 ml /min . Aliquots 

of nitric a cid solution were counted directly o.r used for selenium 

analysis . 
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Identification of the volatile se lenium compounds. 

a .  Gas chromatography st udies 

Dimethy l se lenide (CH
3

SeCH
3

) and dimethyl dise lenide CCH
3

SeSeCH
3

) 

were prep ared , for chromatographic and gas chromatography-mass spe ctro-

metric standards, in our lab orat ory following the method o f  Bird-and 

Challenger (38) . 

The analytical gas chromatograph used for the separation of the 

organic selenium comp ounds was a Varian Aerograph Series 2400 with a 

hydrogen flame ionization dete ctor connected to a S.argent-Wel ch  

Recorder Model SRG . The column used to fractionate the selenium 

compounds was a 10 ft x 1/8 in . , 20% Carbowax 20M on 6 0 / 80 Chromosorb W ,  

coated with hexamethyldisilizane (HMDS ) . Nitrogen was used a s  carrier 

gas ,  at a flow rate o f  30 ml/min . The flow rates were meas ured with a 

s oap bubble flowmeter at the column exit . The column temperature was 

120°c ,  and the injector and detector temperatures we re 2 30 and 22s0c 

respective ly .  The column conditions were similar to those described 

by Christine and Johnson (37 ) . 

b .  Mass spectrometry studies _ 

Liquid samp les were analyzed with a Finnigan .Model 3000 peak 

Identifier GLC/MS equipped with a Gohlke separator. The column was 

similar to that used in gas chromatography studies, with a helium 

carrier gas flow rate o f  30 ml/min . The col·umn temperature was 

0 0 programed to rise from 1 20 to 1 60 C at a rate of 2 C/min . The inje ctor 

temperature was 180
°

c. 
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Volatile selenium compounds generated from dif ferent se lenium sour ces 

by the bacterium in culture No. 1. 

Various se lenium comp ounds other than selenite were used as 

substrates to determine if volatile selenium could be p roduce d  by the 

ba cterium in culture No. · 1 .  

Sodium se lenite (Na
2

seo
3

) and potassium se lenate (K
2

Seo4) were 

synthesized as described by Tre lease and Beath ( 39) . Trimethylse lenonium 

chloride (TMS eCl) was synthesized as described _by Obe rmeyer et al. (27 ) .  

DL-se lenomethionine (A grade , Calbiochem .  San Diego , Calif. ) and 

DL-seleno cystine (A grade , Calbiochem. San Diego , Calif. ) were used 

as pur chased . 

Only one b acterial isolate . was used in these studies . The old 

culture from previous work , called culture No. 1 was used to inoculate 

tubes containing 5 ml o f  de fined medium . These were incubated at 32°c 

in a Shaker Bath for 18 hours , and then used to inoculate .:the--.tes t _ 

media. The test media were prepared by adding 2 ml o f  a stock solution , 

containing 2000 ppm Se o f  the various se lenium sour ce s ,  to 200 ml of 

the de fined medium in a 1 liter flask . Each test flask was. then 

ino culated with 5 ml of an 18 hour culture , and incubate d at room 

temperature . The flask was connected in series with a charcoal trap 

(containing one layer of 2 gm of charcoal) an d  a nitric a cid trap to 

comp lete ly trap all selenium produ cts. Two ml of carbon disul fide were 

used t o  extract the volatile products from charcoal . por the selenium 

analysis, 0 . 1  ml of carbon disul fide was used , while 2 ml  aliquots 

nitric acid were used. 

.-



20 

RESULTS AND DIS CUSS ION 

Is o lation and identi f i cation o f  the bacteria. 

This work res ul ted in the isolat ion o f  five organisms. No . 2, 3 

and 4 were isolated from the soil labeled as "Soil", No . 5 and 6' were 

is olated from the s oil labeled as "M" . However, no organism was 

isolated from the soil labeled as "A". Culture No . 1 was isolated 

previously in this laboratory, but never identi fied . All six organisms 

were capable of converting s odium selenite to volatile selenium 

comp ounds . 

The culture was judged t o  be pure when p lates were ob tained with 

all colonies o f  ident ical morphology , and when mi cros copic examination 

revealed only one type of organism. The pure cult ures were then 

submitted t o  various morphological and biochemi cal t es ts to clas s i fy 

them. The t es t s  are summarized in the f ollowing flow diagram ( Fig . 4 

and 6 ) and Table 1 .  

Summary o f  isolation procedure : 

s oil sample 

t 
s eries dilution 

! . growth on 20 ppm Se nutrien t  agar 

i 
detection o f  cultures producing garlic-like odor 

.i 
series trans fer on nutrient agar p late 

i . 
pure culture 
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Fig . 4 .  Imp ort ant characteris tics o f  all six organis ms . 

Pure culture 

I 
Gram s tain 

"' I 
1 

Gram negative Gram positive 

I Morphology 

I 
i 

Rods C ! . OCC1 

I o2 re)uirement 

J 1 
Aerobic 

1 
Anaerobic , facultatively anaerobic 

Part 7 in Bergey's man�al ( 8 th edition) . (40 )  

Part 7 in Bergey's manual o f  determinative bact eriology , ( 8  th 

edition) contains the Gram negative aerobi c  rods and co cci , sin ce all 

s ix organisms are aerobic Gram negative rods, it was determined that 

all six organisms belong to part 7 in Bergey's manual. 
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Table. 1. Biochemical tests for all six organisms .  

Testa Cultures No. 

1 2 3 4 5 6 

1. catalase ++ + + + + + 

2. oxidase + + + + + + 

3. 0-F glucose medium ob 0 o· 0 0 0 

4. starch hydrolysis 

5.  Voges-Proskauer test 

6. �thyl red 

7. mot ility + + + + + + 

(wet mount and 
motility medium) 

8 .  gelatin hydrolysis ++ + + + + + 

9. 0 
growth at 41 C + + + + + 

10. growth at 4°c ++ 

1 1 . opt imum temperature 30-32 35-37 35-3 7 35-3 7  35-37 35-37 (°C) 

1 2 .  urease + + + + + 

1 3. nitrate reduction + + + 
(gas) (gas) 

1 4. Simmon' s cit rate + + + + + + 

15. litmus milk proteolysis 
digestion 

16. glucose + + + + + + 
(acid) 

17.  L-arabinose + 
(acid) 

+ + + + + 

1 8 . sorb i t ol + + + + + + 
(acid) 

19. lactose + + + + + 



Test 

1 

20 . sucrose + 

2 1 . maltose + 

22 . acetamide bro th 
c 

2 3 .  mannitol + 

24 . t rehalose +++ 

25 . meso-inositol - +++ 

26 . Tech medium 
d 

+ 

27 . Pseudomonas P 
(test for pyo cyanin) 

2 8 . King's B medium + 

Cultures No . 

2 3 

+ + 

+ + 

+ + 

+ -++ 

+ + 

(test for fluorescen ce) (yellow-green) 

29 . 

30 . 

3 1 . 

3 2 . 

3 3 . 

arginine dihydrolase 
e + 

flagella stain f 

requirement fo r 
medium 
levan formation 

Indole produced 

enriched 

polar 
( 1 , 2  or 

·all '-· 

from sucrose -

3)  

no t require.d 

2 3  

4 5 6 

+ + + 

+ + + 

+ + + 

++ ++ + 

+ + + 

Note : a. For all bio chemical tests excep t those spe cified , see 

referen ce 4 1  end 4 2 . 

b .  The letter' "O" indicates oxidative " F" indicates fermen tati ve. 

c. see reference 4 3 . 

d. see referen ce 4 4 . 

e .  see reference 45 and 4 6 . 

f. see reference 47 . 
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Most o f  the work has been con centrated on No. 1 culture , although 

the other cultures were also subj ected to the b io chemical tests . The 

organism from culture No . 1 ,  when grown on nutrient agar , produced 

opaque , puncti form colonies whi ch had slightly raised smooth surfaces 

with entire margins . 

The organism was a gram negative short rod that had motility . When 

subj ected to a simplified Leifson flagella stain , it was shown to 

possess one , two or three polar flagella (see Fig . 5 ) . When cultured 

on King's medium (42 ) , the organism formed a di f fusible yellow-green 

p igment that fluoresced in ultraviolet light (wave length below 260 nm) . 

These criteria along with the observat ions that the organism was 

oxidative , produced no indole or acetylmethylcarbin ol , and required no 

enriched media , place it in the fluorescent group o f  the Pseudomonas 

genus. 

Bergey's manual (pp . 220 , Table 7 . 1 and 7 . 2 )  lists seven species 

in the fluorescent group . Cert ain of  the bi ochemical characteristi cs ,  
0 

speci fically lack of  growth at 4 1  C ,  lack of levan formation from 

sucrose, oxidase reaction , hydrolysis o� gelatin but lack of hydrolysis 

of  starch, and utilization o f  trehalose , meso-inositol and L-arabinose , 

make it appear the organism in culture No . 1 bes t  fits with Pseudomonas 

fluorescens . This is summariz ed in Fig . 6 .  

Pseudomonas fluorescens are further sub divided into 4 biotypes 

and a group of miscellaneous strains . Because of the organism's response 

t o  certain tests , i . e .  levan format ion from sucrose and denitrification , 

it does not appear t o  fit with biotyp e I ,  I I ,  II I ,  and I V, the organism 
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Fig . 5 .  Leifson' s flagella· stain of Culture No. 1. 
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Fig. 6 .  Identification schemes for Culture No. 1. 

P. aeruginosa P. aureof aciens 

P. putida P. syringae 

P. fluorescens P. ci c:horii 

P. 

growth at 41°c 
+ I 
c J, 

P. aeruginosa P. pu�ida "P • aureof aciens 

P. fluorescens P. syringae 

P. chlororauhis P. cichorii 

I 
oxidase reaction 

+ I J; '11 
P. putida P. aureof aciens P. syrin�ae 

P. fluorescens P. cichorii 

P. 

+ gelatin hydrolysis 

+ mesa-inositol 

J . 
J; 

P. fluorescens 1'. putida 

P. chlororaphis P. ci·ahorii 

P. aureofaciens 



le van 

f... f luores cen s 

P chlororaphis 

'P. aureofaciens 

formationl from sucrose 

I 
+ 

4-
P . fluores cens biotype II I p. chlororaphis 

and mis cellaneous st rains P. aureofaciens 

I 
denitrif ication 

+ 

biot yp e IL P. fluores cens mis cellaneous s trains 

( No. 1 culture ) 
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in culture No. 1 appears to be best typed as a mis cellaneous strain of  

Pseudomonas fluo res cens. 

All other cultures , No. 2 ,  3, 4, 5 ,  and 6 ,  also appear to fit in 

part 7 ( according to Bergey's manual, 8 th edition ) .  It  was not possible 

t o  obtain good flagella stains, and there fore it was di f ficult to refer 

them t o  the genus o f  Pseudomonas . However, they were all oxidative , 

required no  enriched media for growth and were versatile in their use 

o f  dif ferent kinds of carbohydrate which are characteristics o f  the 

Pseudomonas sp ecies . I t  is p ossible that some o f  these cult ures may 

contain the same o rganism, however , no further attempts were made to 

classi fy them . They were studied with respect t o  their ability t o  produce 

volatile selenium. 
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E f fi ciency o f  the system for trapping volatile selenium products. 

A preliminary study was conducted to determine the e fficiency o f  

charcoal as an adsorbent for volatile selenium-comp ounds. It was 

necessary to know i f  the compounds would be adsorbed by a small amount 

of charcoal so that suf fi cient con centration could be achieved t o  make 

analysis by gas chromato graphy p ossible . A flask containing 1000 ml o f  
75 -2 de fined medium to which Seo3 

had been added , was ino culated with 

cult ure No. 6 as described in-the Materials and Methods se ction. The 

volatile products were passed through a trap containing 7 layers 

(0. 5  gm per layer) of  charcoal. At the end o f  the incubation period, 

each layer was counted and the results are shown in Table 2 .  It can be 

seen that most o f  the radioactivity was trapped in the first two layers. 

Since at least a p ortion o f  the selenium volatilized by t he bacteria 

was strongly adsorbed, 
_
charcoal should provide a suitable system for 

colle cting the products for later identi fi cation. 

Other workers (35 )  have rep orted the use of charcoal for the 

adsorption o f  volatile selenium products. Christine et  al. ( 2 1 )  also 

studied the e f fi ciency o f  various solvents in removing the selenium 

compounds fro m  the charcoal. Carbon disul fide was shown to be a good 

solvent.and it was used in this study sin ce it would give very little 

interference in the gas chromatography and mass spe ctrometry studies. 

A study was conducted to con firm that cs2 would truly extract the 

adsorbed selenium from charcoal. The data in Table 3 show that 45 % o f  

the adsorbed selenium was extracted from the charcoal in two hours. 



75 . Table 2 .  Recovery o f  Se volatilized by cult ure No . 6 in 

the various layers o f  the charcoal trap . 

(not corre cted for background) 

layer CPM ( count per min. ) 

1st 5 3, 159  

2nd 1, 467  

3rd 2 04 

4th 1 1 2  

5 th 1 2 0  

6 th 1 1 1  

7th 1 2 1  

background 1 16 

30 



Table 3 .  Ef ficiency of carbon disulfide in extracting 

volatile selenium compounds from charcoal . 

Original char coal 

2 ml o f  carbon disulfide 
after 2 hours extraction 

Charcoal a fter 2 hours extraction 

21 7 , 306 CPM 

9 8 ,1 39 CPM (45 %) 

12 1 , 655 CPM 

31 
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l 
On this basis , carbon disulfide was assumed to be an adequate solvent 

for the gas chromato graphy studies which. follow . 

Sin ce the possibility existed that charcoal would not trap all of 

the volatile selenium products , a comparison was made with trapping 

systems which in cluded nitric a cid . For this study ,  flasks containing 

200 ml o f  medium were inoculated with culture No . 1 and incubated at 

room temperature for 5 days . Table 4 shows the results o f  these studies . 

Again the charcoal appeared to be quite efficient . About 78% o f  the 

total activity trapped was found in the first two layers . In this 

inst an ce ,  however , some o f  the product did carry over to the third and 

fourth layers . The e f ficien cy o f  the HN03 trap was very similar t o  that 

o f  charcoal with respect to recovery (see the 2nd column) . However , when 

the traps were connected in series , 0 . 5% o f  the total volatile selenium 

passed through the charcoal and was trapped in t he acid (see the third 

column ) . For total recovery studies , it appears that nitric acid would 

be the most suitable trap . 

The data in Table 4 also show that for the t hree flasks o f  culture· 

No . 1, an average o f  2 7 . 6% o f  the selenium was volatilized . Total 

recovery o f  the added selenium ranged from 67 . 5 %  to 86 .4% . The in complete 

recoveries were probab ly due to several causes in cluding incomplete 

trapping ,  pre cipitation o f  elemental selenium on the s ur fa ce o f  the 

aeration train , and the nonhomo genous nature o f  the culture (cell� which 

accumulated elemental seleniwn tended to settle out very rapidly) . 
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Table 4 .  Re covery o f  volatile selenium produced by culture No . l  

and colle cted b y  di fferent traps for 5 days . 

Count/min . colle cted in trap sys te}Il 

Charcoal Nitric acid Charcoal + nitric 
a cid in series 

1st charcoal layer 11 8 , 3 1 8  1 30 , 9 39 

2nd charcoal layer 5 8 , 25 9  70,326 

3rd charcoal layer 32 , 17 5  2 7 , 540 

4th charcoal layer 18 , 606 13 , 867 

Nitric acid 179 , 860 12 , 44 4  

Total CPM o f  volatile 2 2_7 , 35 8  179,860 .J 2 5 5 , 116 
compound 

Final medium 3 29 ,680 359 , 560 4 35 , 500 

Original added CPM 799 , 500 799 , 500 799 , 500 

% o f  volatile c ompd . 2 8 . 4% 22 . 5% 3 1 . 9 % 

Re covery 69 . 7 % 67 . 5 % 86 . 4% 
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Rate o f  selenium evolution by bacterial culture No . 1. 

A study was conducted t o  determine the time required for maximum 

production o f  volatile selenium produ cts by the bac teria. Three 1 liter 

flasks cont aining 200 ml of medium were ino culated as described in the 

Materials and Methods section . Air was forced through the cult ure flasks 

and into nitric. acid traps • . Samples were removed every 2 4  hours fo r 

selenium analysis . The data in Fig .  7 show that maximum selenium 

volat ilization had almost o ccurred by 96 hours . Consequen tly, in.all 

other st udies, the collection period was rout�nely s et at 120 hours. 

The to tal amount o f  selenium volatilized by the 3 sets o f  cultures 

averaged 47 . 3% .  To tal recoveries for the 3 sets were 83 . 9% ,  7 4 . 9% and 

7 1 . 8% respectively . I t  should be noted that the app aratus was not rinsed 

to remove any selenium adhering to the walls. 

The amount of  selenium volatilized was not as great in all instances 

as for the data reported in Fig . 7 .  In experiment s  where large amounts 

of media were inoculated, for the purpose o f  collecting signi ficant 

amounts of produ ct , t�e percent of the selenium volatilized appeared t o  

b e  lower . The reasons for this ar� not understood . 

Identification o f  volatile selenium compounds by gas chromat ography. 

In all the studies con cerning the identi fi cation o f  volatile 

selenium comp ounds, charcoal was used as the trapping agent and carbon 

disulfide was used t o  ex tract the compounds . The s tandard compounds, 

dimethyl selenide (DMSe) and dimethyl diselenide (DMDSe) showed good 

separation by gas chromatography (see Fig . Ba and 8b) . Reten tion times 



35 

0 Set 1 
i.r) Set 2 

'"O Set 3 
QJ 
C1l 
C'CS 
QJ 

...... 
QJ 0 
..... ...-r 

'"O 
i::: 
=' 
0 
0.. 
a 
0 0 
CJ M 

e 
=' 

-M 
i::: 
QJ 

...... 
QJ 0 
C1l N 

QJ 
...... 
-M 
� 
C'CS 

...... 
0 
> 0 

..... 
N 

0 24 4 8  72 96 120 

Time (hour) 

Fig . 7 .  Rate of production of volatile selenium by culture No . 1 .  
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Fig . Ba. 

Q) 
00 
� DMSe 0 
Cl. 
00 
Q) 
.... 

.... 
Q) 

"O 
.... 
0 
() 
OJ 

i:t: 

0 1 2 3 4 5 6 7 8 9 1 0  11 12 

Fig. Sb . 

DMD Se 

2 3 4 5 6 12 

Retention time (min . )  

Fig . 8a . Gas chromato�gram of dimethyl selenide • . 1 .  76 µ1 DMSe (200 µg/ml) . 

Fig . Sb. Gas chromatogram of dimethyl diselenide . 2 . 0  pl DMDSe (2mg/ml) . 



were cal culated from the first detectable peak on the chromat o gram . 

This peak usually o ccurred 0 . 6 to 0 . 7  min . a �ter the sample was 

inj ected. The retention times for DMSe and - DMDSe were 1 . 1  min . and 

10 . 3  min . respectively . The DMSe emerged quite close t o  the solvent 

peak , but it could always be detected as a separate pe�k . 

The volat ile selenium comp ounds produced by cult ure No . 1 

3 7 ' 

were submit ted t o  analysis by gas chromato graphy and typical results 

are shown in Fig . 9a.  Several substan ces are vi�ible on the chromato-

gram . One o f  the most prominent peaks (peak VI) had a retention 

time o f  10 . 3  min . which is identi cal to that o f  DMDS e . Fo r further 

conformat i on ,  the bacterial product and DMDSe w�re also fractionated 

on a 10 ft . x 1/ 8 in . column packed with 10% E GS S -X by weight on 

Gas Chrom P. One o f  the maj or peaks from the bacterial products was 

again found to have the s ame retention time as the. DMDSe s tandard 

(3 . 8  min . from the t ime o f  inj ection) . On the b asis o f  these resul ts ,  

the volatile compound represented by peak VI was tentat ively assumed 

to be DMDSe .  

The chromat ogram o f  the b�cterial products also contained a 

small peak (peak I II ) which had a retention time o f  1 . 1  min . This 

made it appear to be DMSe .  In order to establish that the material 

was indeed DMSe ,  further analyses were conducted in whi ch 1 0  Aig 

and 20 Aig o f  the DMSe standard were added to 0 . 1  mi o f  the CS 
2 

extract . These mixtures were submit ted to gas chromato graphy . Again 

Fig .  9a shows the chromato gram o f  the bacterial p roducts . Fig . 9b 

and 9 c  show that there were proportionate increases in peak III 
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Fig . 9 a .  Gas Chromat ogram o f  volat ile compounds p rodu ced by culture No . 1 .  
( 1 . 4  pl) 

Fig .  9b . 1 . 4  ..ul o f  a mixture o f  0 . 1 ml ext ract + 10 ,,ug DMSe . 

Fig . 9 c .  1 . 3  ,ul o f  a mixture o f  0 . 1  ml ex t ract + 20 ,.AJg DMSe .  



up on addition of the DMSe s tandard . On the bas is of this eviden ce , 

peak III was tentatively iden ti fied as DMSe. 
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S everal other volatile products were p roduced by culture No . 1 

besides DMSe and DMDSe. In order to determine whether or not these 

substan ces were selenium comp ounds , volatile p roducts were collected 

from a control culture . Culture No . 1 was used to inoculate 1000 ml 

o f  defined medium cont aining no selenium , and the volatile produ cts 

were collected as des cribed previously. Fig . lOb shows the gas 

chromatogram ob tained for the separation of the volatile p roducts 

from the control. When compared to the result s obtained from b acteria 

grown on a medium containing selenium ( Fig . lOa) , it is obvious that 

peak I I I  and VI are definitely unique to the cult ure grown on the 

selenium medium. It appears that peak V is presen t in volatile 

products from bacteria grown in both media. However , the p resence of 

selenium s eems to in crease the proportion of this constituent . S ince 

all other p eaks were common to both media , it was assumed they 

repres ented comp ounds which p robably did n ot contain selenium . 

Very little effort was made to iden tify the various peaks other 

th an peaks I I I  and VI. As shown in Fig. lOa , for example , peaks I and 

II are solvent peaks and peak IV migh t be one kind of alcohol. A 

standard al cohol mixture was analyzed with the same colulllll conditions 

and one of the alcohols was found to have a retention time of 1 . 45 min. 

whi ch is identical to peak IV. No further attempt was made · to identify 

peak IV or the other minor peaks . 
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Fig . lOa . Gas chromatogrCllll o f  volatile compound s  produ ced by cul ture No . l  

g rown on de fine d medium containing '2 0  ppm Se • 

. Fig . lOb . Gas ch romatogram o f  volat i le comp ounds p roduced by cul ture No . l  

grown on defined medium without Se • 
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The chromato grams p roduced in the s eparation of the volatile 

product s from cult ures No . 2 ,  3 ,  4 ,  5 ,  and 6 are shown in Fig .  11 , 12 · 

and 13 . The o rganism in culture No . 2 p roduced a small amount o f  

comp ound with the same retention time as DMS e , howeve r ,  no evidence 

could be found for this sub s t an ce in the p ro du ct s  f rom any o f  the 

other organisms ( cultures No . 3 ,  4 ,  5 ,  and 6 ) .  The p re sen ce o f  a 

signifi cant amo un t  o f  a coupound with the ret ention time o f  10 . 3  min . 

was de te ct ed in the volatile p roducts p rodu ce d  by all t he cultures . 

It is as sumed that this sub s tance is DMDSe . T able 5 present s a 

s ummary o f  the volatile comp ounds released by the dif fe rent cultures , 

Identi fication o f
° 

peaks III and VI by mas s  spe ct romet ry . 

The mas s spe ct ra of DMSe ,  DMDSe and the volatile p roduct s  

pro du ced b y  culture No . 1 are shown in Fig .  1 4  and 15 . The spect rum 

o f  the comp ound rep resented by peak III ( Fi g . 14)  is identi cal t o  

m 
tha t  o f  DMS e ; both have mole cular ions at - = 109 . The p resence of  e 

M- 15 and M-30 fragments at m 
• 94 and 7 9  respe ctively , were consis tent e 

with the los s  o f  one methyl group and two me thyl g roups . 

The mass spect rum o f  the comp ound rep re s en ted by pe�k VI ( se� 

Fig .  15 ) is identical to that of DMDSe ; both h ave mole cular ions at 

m 
= 18 8 .  The iso t opic abundance pat te rn showed that it was a selenium e 

con�aining s ub stan ce . The presence o f  M-15 , M-30 and M-7 9  fragments 

at : =

·

17 3 , 15 8 and 109 respe ctively , were consis ten t  with the loss 

of one me thyl group , two me thyl groups , and a selenium at om .  The re 

was als o a fragment pat te rn at : = 94 which was p robably due to the 

cleavage b e tween the two selenium atoms in DMDSe ( CH3Se-SeCH
3

) .  



Fig . l la .  

Fig . l lb . 
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Re tent ion t ime (min . )  

Fig . lla . ·Gas chromatogram o f  · volatile compounds p roduced by 
cult ure No .  2 .  

Fi g .  l lb .  Gas ch romatogram o f  volat i le comp o unds p roduced by 

cul ture No . 3 .  

4 2  

. · 



Fig . 1 2 a . 

Fig . 1 2b . 

0 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  

F i g . .1 2 a . Gas chromatogram o f  vo lat ile comp ound s p roduced by 
cu lture No . 4 .  

Fi g .  1 2b . Gas chromatogram o f  vo latile· comp ounds p roduce d  by · 
cu lture No . 5 .  
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Re tent ion t ime (min . )  

Fig . 1 3 . Gas chromatogram of vo lat i le comp ounds p rodu ce d  by . 

cu l ture No. 6 .  

4 4  

1 2  



Tab le 5 . S ummary o f  the volatile comp ounds released by 

di f fe rent �ultures . 

Culture 

1 

2 

3 

4 

5 

6 

DMSe 

+ 

+ 

DMDSe 

+ 

+ 

+ 

+ 

+ 

+ 
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Fig. 14 a. 

Fig .  14b . 
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Fig.  14a . Mass spectrum of d imethyl s elenide . 

Fig. 14b . 
·
Mass . spectrum of  peak III from culture No. 1 .  
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Fig . 15a. Mass spectrum of  dimethyl_ dis elenide.  

Fig . 15b . Mass spect rum of  p e ak  VI from cult�re No. 1 .  
.i:-
� 



4 8  

The gas chromat ographi c data to gether wi th the mas s spe c t ral 

dat a allow the con c lus ion that b oth DMS e and DMDS e are p roduced in the 

me t ab o li s m  o f  sodium selen ite by cul ture No . 1 .  

De t e rminat ion o f  the rat io o f  DMDSe : DMS e  produce d by culture No . 1 .  

The s i z e  o f  the DMSe pea� re lative to the DMDS e p e ak was q ui te 

smal l ( s ee Fig . 9a for ins t ance ) . The d i f fe rence i n  con cent ration 

b etwe en the s e� two is even gre at e r  than it appe ars s in ce the hydro gen 
-

fl ame ioniz at ion de t e ct o r  is mu ch  mo re s ens i t ive t o  DMS e than t o  

DMDSe . For ins t an ce , Chris t ine and Johnson ( 3 7) de t e rmined the rat io 

o f  the res p onse given by an ele ct ron cap t ure det e ct o r to that given 

by a hydro gen f lame ioniz at ion detect o r ,  whi ch they de fined as the <f 

value . The app roximate cp value fo r dime thy l s el enide and dime thyl , 

dise leni de we re fo und to be 0 . 01 and 130 res p e ct ive ly . In this s tudy , 

an at t emp t  w as made to quant i t at e  the amount o f  DMSe and DMDSe f rom 

the g as chromatogram by dete rmi�ing peak are as and comp arin g them 

wi th p e ak are as ob tained from seve ra l  s t andard inj e ct ions . Wi th 

respect to the vo l at il e  p roduct s produ ce d  by cul t ure N o .  1 ,  the rat io 

o f  DMSe t o  DMDSe was de te rtiiined t o  b e  1 : 1 8 . I t  mus t be con cluded 

that for cult ure No . 1 ,  DMDSe is the maj or volat i l e  s e lenium p ro duct . 

P roduct i on o f  vol at ile s elenium from various s o ur ce s  by cul ture No . 1 .  

The b acte rium i n  cult ure No . 1 was s tudi e d  w i th res pe ct t o  i t s  

ab i lity t o  p roduce vo latile selenium f rom various s o ur ce s . The p urp ose 

o f  thi s  s tudy was to de te rmine the ab il i ty of the o rganism to utilize 

some o f  the fo rms whi ch mi ght be p res ent in s o i l . · S e lenate is known 

t o  be the main fo rm o f  s o lub le se lenium in so ils , the amino acids 
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wou ld be added t o  soils by de comp os i t ion o f  p lant mat e ri al and 

fin ally , t rimethylse lenonium ion would be p re s ent from animal excre

tory p roduct s . All se lenium sources were included in the medi a at a 

leve l  o f  20 p pm S e . F i g  • . 1 6 , 17 and 1 8  show the ch romato grams 

ob t ained in the sep aration of the volatile p ro du ct s  and· Tab le . 6 

s ummariz es the res ult s .  The o rganism was cap ab le o f  conve rt ing 

selen it e , se lenat e and selenocys t ine to b o th DMS e and DMDSe . It 

conve rted t rimethyls e lenon itim chloride only t o  DMS e and it ap pe ars 

that ve ry lit t le s elenium could be rele ase d  from selenome thionine 

( only a t race o f  DMSe could be dete cted) . Unde r the conditions 

des c rib e d , s eleno cys tine appe ared to be the b e s t s ource fo r the 

p ro du ct ion o f  volat ile selenium . 

As s t ated e arlie r ,  Do ran and Alexande r ( 19 )  i so lat e d  a me thionine

uti l i z ing p se udomonad f rom s oil whi ch conve rt e d  se lenome thionine to 

DMDS e . They indi cated that this was somewhat unus ual , and in the ir 

s tudy they s ugges ted that the mi crob ial format i on o f  DMS e was wide 

s p re ad . On the con t rary , from our p resent re s e arch , i t  s eems that 

the mi crob i o lo gical format ion of DMDSe may be wi de s p read . Al l six 

culture s whi ch we re s tudied conve rted seleni te t o  DMDS e . Cul ture No . 1 

ident i fied as P • . fluo res cens was cap able o f  f o rming DMSe but only in 

small amount s re lative to DMDSe . Culture No . 2 als o app e ared t o  

p ro du ce bo th p rodu ct s . It is p os s ib le the o the r o r g ani sms p roduce d 

DMSe b u t  at a leve l whi ch was not dete ctab le in our s tudy . Howeve r ,  

the re can b e  n o  q ues tion that , fo r these organ i sm8 , DMDS e was the 



Fig . 1 6a .  
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Fig . 1 6b . 

0 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  

Fig .  16a . Gas chromatogram o f  volatile comp ounds p roduced 
from selenite.  

Fig . 1 6b . Gas chromat ogram of volatile compounds p roduced 
from selenate . 
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0 1 2 3 4 5 6 7 8 9 1 0 · 1 1  

Retent ion time (min . ) 

Fig . 1 7 . Gas chromatogram of volatile compounds produced from 

selenocyst ine . 
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Fig . 1 8 a  
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Fig . 1 8a .  Gas chroma togram o f  vo la t i le comp ounds p roduced f rom t rime t hyl
se lenonium chlo ride . 

Fig . 18b . Gas chromat ogram o f  volat ile compounds p rodu ced from s e leno

me thi onine . 
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Tab le 6 .  Vo lat ile se lenium compound ( s ) p roduced from di f fe rent 

se lenium s ources by No . 1 cult ure . 

Type o f  compound Tot al s e lenium 

produced vo lat i lized 

Source DMSe DMDSe ).lg % o f  added Se 

S e lenite + + 380 9 . 50  

S e len ate + + 3 1 4  7 . 85 

Se leno cys tine + + 5 18 12 . 95 

Se lenome thionine + ( t race ) 4 . 8 0 . 12 

Trime thyl selenonium + 95 . 2  2 . 38 
chloride 



maj or se lenium p roduct . It is not s urp ri z ing that among the many 

sp e cies o f  mi croo rg anisms , one mi ght find the cap ab i lity to p roduce 

mos t any p ro duct , b ut this is the firs t work to indi cate that DMDS e 

is a maj or p roduct f rom b acte ri a .  

I t  i s  int ere s t ing that S e -methyl s e leno cyste ine i s  the dominant 

se len o-amino aci d in the accumulat o r  p lants (48 , 49) , and DMDS e has 

been repo rted a vo l atile compound f rom the ac cumulat o r  p lant s ( 2 1 ) . 
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On the othe r h an d ,  S e -methyl me thionine is the domin ant se leno-amino 

acid in the non ac cumulato r p lant s  (50) , and DMSe has been rep orte d as 

the maj o r  vo lat i le p roduct (9 ) . DMSe has als o been shown to be the 

maj or vo lat i le p roduct in animals . 

The p roducti on of DMS e has been cons i de red to be a hi ghly 

e f fe ct ive de t oxi fi cation me chanism in animals , be cause DMSe was 

shown to be ab out one - five hundredth as toxi c as s elen i t e  in animals 

( 2 4 ) . Prob ably the fo rmat ion DMDSe may be an e f fe ct ive de t oxi ficat i on 

me chanism fo r mi cro organisms . 

The fat e  o f  the DMDSe re le ased t o  the atmo sphe re is unce rt ain , 

but i t  can mos t l ikely be oxidized and re t urned t o  the so i l  as a 

p art o f  the s e lenium cy cle . Thi s  s tudy h as shown that b a cteri a are 

c ap ab le o f  conve rt ing nat ural forms inorgani c selenium and se lenium 

compounds o ri ginat ing from plant and animal re s i dues t o  DMDS e , whi ch 

may in turn b e  chan ged to anot he r fo rm a f te r  a p e ri o d  of time an d 

re turn t o  the e arth in rain water t o  comp le te the s e lenium cy cle . 
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S UMMARY 

The ob j e ctives o f  this work we re t o  i s o lat e  b acteria cap ab le o f  

vol at iliz ing s elenium ,  and t o  ident i fy the produ ct s whi ch we re p roduced . 

S ix culture s whi ch could vo lat ilize s e lenium we re i s o lat e d  from the 

soil . All six cultures were found to fi t . into P art 7 o f  Be rgey ' s  manual . 

One o f  the se was ident i fie d as Pse udomon as fluo re s cen s . The o ther five 

cultures re semb led Pseudomon as but we re not de fine tly c las s i fie d .  

The organism identi fied as P .  fluores cens conve r te d 22 . 5  t o  4 7 . 3% 

of the s e lenium present in the medium as s e leni te , to vo latile fo rms . 

The vo lat ile p roduct s we re ident i fied as dimethy l se lenide and dimethyl 

di selen i de by gas ch romatography and mas s spe ct rome t ry . These compounds 

we re p resen t  in the rat io of 1 : 1 8 .  P .  fluo res cen s  was also cap ab le of 

p ro du cing b o th p roducts from se lenat e and s e len o cys tine , but only 

dime thy l s e lenide was p ro duced from selenome th i on ine and t rime thyl

se len onium chlo ri de . 

All o f  the other five cultures we re cap ab le o f  p ro du cing dime thyl 

dise lenide from s e leni te . Only one of thes e  cul ture s ( cul t ure No . 2 . ) 

was ab le to p roduce dimethy l selenide in det e ct ab le amotm ts . 

On the b as i s  o f  this wo rk , it can be con clude d that many bact eria 

are cap ab le o f  vo lati liz ing selenium, and that dime thyl dise lenide is 

the maj or vo latile se lenium p roduct for seve ral o f  these bacte ri a .  
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