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The filamentous fungusScopulariopsis brevicau-
lis produces nonvolatile methylantimony com-
pounds (found in the medium) when grown in
antimony(III)-rich medium. To investigate the
methyl source,13CD3-labelled L-methionine was
added to the growth medium. After one month
sodium borohydride reduction of media samples
produced dimethylstibine and trimethylstibine.
The methylstibines were separated on a packed
GC column and obtained as gaseous fractions.
Analysis of the methylstibines, in the gaseous
fractions, by CGC–MS (ion-trap) established
13CD3 incorporation in both the trimethyl-and
dimethyl-antimony compounds. Copyright #
1999 John Wiley & Sons, Ltd.
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INTRODUCTION

The ability of the filamentous fungusScopular-
iopsis brevicaulisto biomethylate inorganic anti-
mony compounds to methylantimony compounds
has been the subject of a number of recent
publications.1–4 Historically S. brevicaulisis well
known for its ability to biomethylate arsenic. Since
antimony and arsenic are both in Group 15 of the
Periodic Table it is commonly assumed that their
chemistry should be similar. Thus, ifS. brevicaulis
cultures readily produce trimethylarsine from
inorganic arsenic, then cultures ofS. brevicaulis
supposedly should produce trimethylstibine from
inorganic antimony. In order to test this hypothesis
most research has focused on detecting trimethyl-
stibine in the headspace of cultures, and in the
majority of these studies no significant level of
trimethylstibine has been detected.1,3,4

Recently, though, conclusive evidence for anti-
mony biomethylation byS. brevicauliswas pro-
vided by analysis of medium samples (using HG–
GC–AA),4 and by analysis of headspace gas
samples (using GC–AA) for the anaerobic stage
of biphasic incubation.2

The yields of methylantimony compounds (espe-
cially volatile compounds) from cultures ofS.
brevicaulis containing inorganic antimony are
relatively small2,4 in comparison with analogous
experiments performed with arsenic.5,6 Some
possible explanations for this are differences in
rates of transport of substrate into the cell,
differences in the mechanism of methylation, or
inability to detect all the methylantimony com-
pounds.
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To probethe mechanismof antimonymethyla-
tion requiresthesametypesof experimentsaswere
performedto probearsenicmethylation.

The mechanism for arsenic methylation in
biological systems,first proposedby Challenger,7

involves a series of oxidative methylation and
reductionsteps.To supporthis schemeChallenger
added[14C-methyl]-D, L-methionineto a cultureof
S. brevicaulisand isolatedtrimethylarsine,which
containedsignificantlevelsof 14C, from theculture
headspace,thus showing that the methyl groups
camefrom methionine.Subsequently,Cullenet al.
showedthat the methyl group of L-methionineis
transferredintact by additionof CD3-L-methionine
to a culture and trappingthe evolvedtrimethylar-
sine,whichwasthenintroduceddirectly into amass
spectrometer.8 These authors suggestedthat the
biological methyl donor is S-adenosylmethionine.
Most recentlyCullenet al. performedexperiments
with culturesof Apiotrichumhumicola, containing
CD3-L-methionineandarsenic.HG–GC–MSonthe
culturemediumshowedthatCD3 waspresentin the
nonvolatile methylarsenic(V)compounds.9 These
nonvolatile compoundsshould be found in the
mediumaccordingto Challenger’smechanismfor
arsenic methylation. Since L-methionine is the
precursorfor S-adenosylmethionine(SAM) these
experimentsimply that SAM is the sourceof the
methyl groups. Involatile methylarsenic com-
poundswere found in medium of S. brevicaulis
cultures,but theexperimentshadnotbeensetup in
orderto determinethemethyl source.6

The experimentspresentedin this paper are
analogousto Cullen’sexperimentswith arsenicand
A. humicola. We use hydride generation(HG)
followed by gas chromatography(GC) and then
massspectrometry(MS) on collectedfractions,to
detect the 13CD3-methyl group in nonvolatile
methylantimonycompoundsfound in the medium
of S. brevicaulisculturesthat had beenincubated
with potassiumantimony tartrate and 13CD3-L-
methioninefor onemonth.

EXPERIMENTAL

Reagents

All reagentswere of analytical grade or better.
Purified water was obtained by ion exchange
(Barnstead).Solid-phaseextraction(SPE)columns
for sample clean-up were preparedusing basic
alumina(80–200meshBrockmanactivity I; Fisher

Scientific).About 20g of aluminawasplacedin a
60ml syringe:a smallglasswool plug wasusedto
hold the alumina in place.The SPEcolumn was
primed by rinsing it with 50ml of ammonium
carbonatebuffer (50mM, pH 12, BDH). A pH 6
buffer (50mM) was preparedby dissolving the
appropriateamountof citric acid (BDH) in water
and adjusting the pH with potassiumhydroxide
(Aldrich). Sodium borohydride (Aldrich) was
preparedfresh daily by dissolvingan appropriate
amount of solid in deionized water. 13CD3-L-
methionine(methyl:13C, 90atom%;D, 98atom%)
wasobtainedfrom BOCProchem(DeerParkRoad,
London,UK).

S. brevicaulis culture

Submergedculturesof S.brevicaulis(ATCC 7903)
mycelialballswerepreparedby adding100ml of a
seedculture to 300ml of a glucose/minimal-salt
medium10 in 1-litre Erlenmeyerflasks.Potassium
antimonytartratewasaddedto all culturesto give
100mgSblÿ1 in the medium.Four flasksof live
culturewereprepared;to two of theflasks13CD3-L-
methioninewasadded(0.1g dissolvedin 10ml of
waterandaddedto theculturesvia a 0.2mm filter),
whereasthe remaining two flasks containedno
methionineapartfrom thatnaturallyproduced.Two
nonliving controlswereprepared,containingCH3-
L-methionine,potassiumantimony tartrate, med-
ium andautoclavedS.brevicaulis. TheErlenmeyer
flasks were shaken horizontally [ca 135rpm,
4.5cm displacement]and maintainedat 26°C for
one month (previousstudieshad shown that the
production of methylantimony compounds, in
significantamounts,ceasesafteronemonth4). After
incubation, the cultures were autoclavedbefore
sampling[22 min, 121°C, 19psi (131kPa)]. Pre-
vious experimentshad shown that the carbon–
antimonybondsof themethylantimonycompounds
produced are stable at the high temperatures
encounteredin the autoclave.All microbiological
experimentswere performed in the Biological
ServiceFacility, ChemistryDepartment,University
of British Columbia.

Analysis

The methylantimonycompoundswere separated
from the large amountsof potassiumantimony
tartrate in the medium by solid-phaseextraction
(SPE).The medium(50ml) waspassedthrougha
basicaluminaSPEcolumnandtheeluatecollected.

Hydride generation(HG) wasperformedon the
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eluate from the SPE column by means of a
previouslydescribedsemicontinuousflow system.6

The samplewasbufferedat pH 6 and2% NaBH4
was used to generatethe hydrides.The volatile
hydrideswere trappedin a sampleloop cooledin
liquid nitrogen. They were then injected onto a
packedGC column through a six-way valve, by
rapidlyheatingthesampleloopwith hotwater.The
details of the HG–GC systemare summarizedin
Table1.

The gaseouseffluent that eluted from the GC
column was collected as fractions in evacuated
septa-capped(PTFE-facedsilicon, 16mm; Supel-
co),15ml vials.Theflow ratefrom thecolumnwas
approximately40ml minÿ1, so one fraction was
taken every 20s. The content of the gaseous
fractionswasanalysedby capillary gaschromato-
graphycoupledwith anion-trapmassspectrometer
(CGC–MS),as describedelsewhere.11 To achieve
easily measurablelevels of trimethylstibine and
dimethylstibinein thecollectedfractions,generally
10–20ml of culturemediumwasneededin anHG–
GC run. Onerun wasalsoperformedin which the
effluentfrom theGCcolumnof theHG–GCsystem
was analysedwith an atomic absorptionspectro-
meter as detector (HG–GC–AA), in order to
measure the retention times of dimethyl- and
trimethyl-stibine,to determinein which fractions
thesecompoundswould be found.

The CGC–MSconsistedof a Star 3400CxGC
with a 1078injectoranda Saturn4D ion-trapmass
spectrometer(Varian Ltd). The operatingcondi-
tionsaregiven in Table1; a volumeof 1 ml, taken
from thevial by usingagas-tightsyringe(Precision
Sampling Corp.), was injected using the split-
injection technique(split ratio, 10:1).

RESULTS AND DISCUSSION

Preliminary remarks

The nonliving controls for these experiments
consisted of: autoclaved S. brevicaulis, media,
potassiumantimony tartrate and CH3-L-methio-
nine. No methylantimony compoundswere de-
tected in these controls after one month of
incubation.This indicated that biomethylationof
antimony,with L-methionineasthemethylsource,
is not a passiveprocess.

For all the active cultures of S. brevicaulis,
dimethyl-andtrimethyl-antimonycompoundswere
detectedin the mediumsamplesafter on monthof
growth. No attemptwasmadeto measurevolatile
methylantimonycompoundsin the culture head-
spacebecausein previouswork we havenot been
able to detectthesecompounds.4 For the cultures

Table 1 Instrumentparameters

IT–MS
Massrange m/z100–200
Scantime 0.4s
SegmentLength 5 min
Peakthreshold 0 counts
Massdefect 0 mm / 10
Background m/z150
Ion mode Electronimpact
Manifold temperature 260°C
CGC
Injector temperature 200°C
Columntemperaturepro-
gram

40°C, 15°C minÿ1, 150°C

Transferline temperature 200°C
Column PTE2 ÿ5, 30m� 0.32mm, 0.25mm, Supelco2-4143

HG–GC(HP 5890)
GC temperatureprogram 30–150°C at 30°C minÿ1

Carriergasflow 40ml Heminÿ1

Column 2 m� 1/8 inch (0.3mm) c.d.PTFEpackedwith
SupelcoportSP210045/60mesh

Purgegasflow 100ml minÿ1

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 681–687(1999)

METHYLANTIMONY FORMEDIN SCOPULARIOPSISBREVICAULISCULTURES 683



containingL-methionine,the levelsof trimethylan-
timony compounds were approximately
20ngSbmlÿ1. For the cultures which contained
noL-methionine,thelevelsof trimethylantimonyin
themediawereapproximately5 ngSbmlÿ1, which
is consistentwith earlierwork.4

Trimethylantimony species in the
culture medium

A standardsampleof trimethylstibinewas gener-
ated from Me3SbCl2 by sodium borohydride
reduction. The trimethylstibine retention time,
whenusingthe AAS detector,correspondedto the
timewindowfor thesixthfraction(thedifferencein
dead volume for fraction collection and AAS
detectionwaslessthan1 ml, seeabovefor details
of fraction collection). When fraction collection

Figure 1 (a) CGC–MS(ion-trap)total ion chromatogramfor
thesixth fraction collectedfrom theHG–GCsystem.(b) Mass
spectrumcorrespondingto the trimethylstibine peak, for a
mediumsamplefrom acultureof S.brevicauliswhichhadbeen
grown in the presenceof Sb(III) but without 13CD3-L-
methionine.(c) Massspectrumfor trimethylstibineformedby
hydride generationon a sampleof mediumfrom a culture to
which 13CD3-labelled L-methionine had been added.
*Me = 13CD3.

Figure 2 (a) CGC–MS(ion-trap)total ion chromatogramfor
the fifth fraction collectedfrom the HG–GCsystem.(b) Mass
spectrumcorrespondingto the dimethylstibine peak, for a
mediumsamplefrom acultureof S.brevicauliswhichhadbeen
grown in the presenceof Sb(III) but without 13CD3-L-
methionine.(c) Massspectrumfor dimethylstibineformedby
hydride generationon a sampleof mediumfrom a culture to
which 13CD3-labelled L-methionine had been added.
*Me = 13CD3.
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was performed,only the sixth fraction collected
from the HG–GC systemcontainedtrimethylsti-
bine, as measuredby CGC–MS(ion-trap).Figure
1(a) showsa CGC–MS(ion-trap) total ion chro-
matogramfor thesixth fraction.Figure1(b) shows
a massspectrumfor the trimethylstibinepeak of
Figure1(a).This particularsampleoriginatedfrom
a culture of S. brevicaulis to which no 13CD3-L-
methioninehad beenadded.The parent ions are
readilydeprotonated(Me2CH2Sb�m/z= 165,167).
The fragment ions Sb� (m/z= 121, 123), MeSb�

(m/z= 136,138)andMe2Sb� (m/z= 151,153)arise
from the lossof three,two andonemethyl groups
from trimethylstibine.In the massrange135–139
the mass spectrum is complicated due to the
presenceof MeSbH� (m/z= 137,139)andCH2Sb�

(m/z= 135,137)fragmentions.Similar fragmenta-
tion patternshavebeenreportedpreviouslyfor both
quadrupoleMS12,13andion-trapMS.11

A mass spectrum for the trimethylstibine
originating from a culture which contained
13CD3-L-methioninehasa numberof extra peaks
(Fig. 1c). The extra peaksare consistentwith a
sampleof trimethylstibinecontaining13CD3 methyl
groups.

The fragmentationpatternfor 13CD3 containing
stibinesis unknownbut it is unlikely to be much
different from that of the unlabelledstibine,so for

the purposesof quantification the fragmentation
patternsareassumedto be thesame.

Becausethe parentions arenot abundantin the
massspectrumandthe MeSb� regionof the mass
spectrum is quite complex, only the Me2Sb�

fragment ions were quantified,assumingthat the
probability of finding a labelledmethyl groupin a
fragment ions is the samefor all fragments.We
definedthe fraction of 13CD3 presentin trimethyl-
stibinefor the121Sbisotope(f121) accordingto Eqn
[1], whereA151, A155andA159arethepeakareas,at
the trimethylstibine retention time, of the ion
chromatogramsfor m/z= 151,155and159respec-
tively. An analogousformulawasusedfor the123Sb
isotope.In usingthis procedureit is alsoassumed
that other fragment ions are not significant. The
resultsfrom thequantificationaregivenin Table2.

f121� �A155=2� � A159

A151� A155� A159
�1�

It can be seen from Table 2 that there is
significant variability in the percentageof 13CD3
incorporatedinto trimethylstibinefor both analy-
tical replicatesand culture replicates.The isotope
ratiosshownin Table2 representtheratiosof peak
areasfor thesingle-ionchromatograms.Thenatural
isotope ratio for 121Sb to 123Sb is 1.34. The

Table 2 Estimateof 13CD3 (%) presentin the trimethylantimonycompoundfound in mediumsamplesa

13CD3 in
trimethylantimony

(%) Ion ratios

Cultureno.
Analysis

no. 121 123 Average 121/123151/153155/157159/161

1 S.brevicaulis� labelledL-methionine� Sb(III) 1 35 28 31 1.32 1.02 1.52 1.81
2 37 33 35 1.24 1.17 1.32 1.63
3 41 33 37 1.17 1.00 1.41 1.95
4 27 20 23 1.16 1.11 1.64 2.22
5 34 28 31 1.19 0.93 1.44 1.40
6 26 20 23 1.16 1.20 1.77 2.10
7 38 27 33 1.19 0.89 1.44 2.60

2 S.brevicaulis� labelledL-methionine� Sb(III) 1 55 49 52 1.12 0.91 1.39 1.46
2 50 42 46 1.06 1.25 1.57 2.30
3 51 48 49 1.24 1.03 1.36 1.33

Controls
3 S.brevicaulis� Sb(III) 1 <1 <1 <1 1.19 1.71 n/a n/a
4 S.brevicaulis� Sb(III) 1 <1 <1 <1 1.25 1.50 n/a n/a

2 3 5 4 1.19 1.70 n/a n/a
Me3Sbstandardfrom HG on Me3SbCl2 1 <1 <1 <1 1.12 1.54 n/a n/a

a Seetext for discussionof theassumptionsmadein thesecalculations.
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significantmeasuredvariationsfrom the expected
natural isotope ratio probably arise from instru-
mentalerror and from the presenceof interfering
fragmentsin themassspectrum.Thus,theassump-
tions made above are not substantiated,and the
results in Table 2 should only be taken as an
estimateof thepercentageof 13CD3 present.

Cullen et al. found that culturesof trimethylar-
sinefrom culturesof Apiotrichumhumicolagrown
in the presenceof arseniteand CD3-L-methionine
contained20% CD3-labelled methyl groups.9 In
earlierstudiesChallengerfound that culturesof S.
brevicaulisgrown in the presenceof arseniteand
14C-labelledD,L-methionineproducedtrimethylar-
sinecontaining28.3%14C-labelledmethylgroups.7

Comparing methylarsenic and methylantimony
compounds, it can be seen that there is no
significantdifference(giventhelargeexperimental
uncertainties)in the percentageof labelledmethyl
groups,incorporatedfrom L-methionine:for both
arsenicandantimonythereis significantincorpora-
tion of the methyl group of L-methionine,most
probablyafter it hasbeenconvertedto the active
form, S-adenosylmethionine.

Dimethylantimony species in the
culture medium

The cultures of S. brevicaulis also formed a
dimethylantimony compound, from which, on
hydride generation, dimethylstibine arises. The
useof HG–GC–AA revealedthat dimethylstibine
shouldelute in the time window correspondingto
the fifth fraction and indeed,this wasfound to be
truewhenthe fractionwasexaminedby CGC–MS
(ion-trap). Figure 2(a) showsthe CGC–MS (ion-
trap) total ion chromatogramfor dimethylstibine.
Dimethylstibine is almost baseline-resolvedfrom

trimethylstibinewhenthis capillary GC methodis
used. The mass spectrum of dimethylstibine
originatingfrom a cultureof S.brevicaulis, which
wasgrown in the absenceof 13CD3-L-methionine,
is shownin Fig. 2(b). The ion-trapMS fragmenta-
tion pattern for dimethylstibine is quite compli-
cated. When S. brevicaulis was grown in the
presence of 13CD3-L-methionine, significant
amountsof thelabelledmethylgroupweredetected
in the dimethylstibine.This is evidentin Fig. 2(c),
whereextrapeakscanbeseenin themassspectrum
attributed to 13CD3-containing fragments. The
fraction of 13CD3 incorporatedinto the dimethy-
lantimony compounds was estimated by the
procedureoutlinedabovefor thetrimethylantimony
compound;thepercentageincorporationwassimi-
lar (Table3).

In summary: both trimethylantimony and di-
methylantimonycompoundsfound in the medium
of S. brevicaulis cultures, containing potassium
antimonytartrate,contained13CD3 when13CD3-L-
methioninewas addedto the medium.The mass
spectraof the hydridederivativesshowedthat the
methyl groups of L-methionine were transferred
intact.Thusantimonyis mostprobablymethylated
by S-adenosylmethionine in culturesof S. brevi-
caulis. Theseresultssuggestthatthemechanismof
antimonymethylationis similar to the mechanism
proposedby Challengerfor arsenic.
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Note added in proof: Apotricum humicola is now named
Cryptococcushumicolus.

Table 3 Estimateof 13CD3 (%) in thedimethylantimonycompoundfound in mediumsamplesa

13CD3 in
dimethylantimony

(%) Ion ratios

Cultureno.
Analysis

no. 121 123 Average 121/123151/153155/157159/161

1 S.brevicaulis� labelledL-methionine� Sb(III) 1 38 29 33 1.29 1.01 1.29 2.32
2 39 28 33 1.25 0.92 1.27 2.45

2 S.brevicaulis� labelledL-methionine� Sb(III) 1 46 40 43 1.26 1.21 1.08 2.08

Controls
3 S.brevicaulis� Sb(III) 1 <1 <1 <1 1.31 1.16 n/a n/a

a Seetext for discussionof the assumptionsmadein thesecalculations.

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 681–687(1999)

686 P. ANDREWSET AL.



REFERENCES

1. P.N. Gates,H. A. Harrop,J.B. PridhamandB. Smethurst,
Sci.Tot. Environ.205, 215 (1997).

2. R. O. Jenkins,P.J.Craig,W. Goessler,D. Miller , N. Ostah
andK. J. Irgolic, Environ.Sci.Technol.32, 882 (1998).

3. R. B. Pearce,M. E. Callow and L. E. Macaskie,FEMS
Microbiol. Lett. 158, 261 (1998).

4. P. Andrewes,W. R. Cullen, J. Feldmann,I. Koch and E.
Polischuk,Appl. Organometal.Chem.12, 827 (1998).

5. W. R. CullenandK. J.Reimer,Chem.Rev.89, 713(1989).
6. W. R. Cullen, H. Li, G. Hewitt, K. J. Reimer and N.

Zalunardo,Appl. Organometal.Chem.8, 303 (1994).
7. F. Challenger,Chem.Rev.36, 315 (1945).

8. W. R. Cullen, C. L. Froese,A. Lui, B. C. McBride, D. J.
Patmoreand M. Reimer,J. Organometal.Chem.139, 61
(1977).

9. W. R.Cullen,H. Li, S.A. Pergantis,G.K. EigendorfandA.
A. Mosi, Appl. Organometal.Chem.9, 507 (1995).

10. D. P.CoxandM. Alexander, Appl.Microbiol. (London)25,
408 (1973).

11. J. Feldmann,I. Koch andW. R. Cullen, Analyst(London)
123, 815 (1998).

12. H. Gurleyuk,V. VanfleetstalderandT. G. Chasteen,Appl.
OrganometalChem.11, 471 (1997).

13. M. Dodd, S. A. Pergantis,W. R. Cullen, H. Li, G. K.
Eigendorf and K. J. Reimer, Analyst (London) 121, 223
(1996).

Copyright# 1999JohnWiley & Sons,Ltd. Appl. Organometal.Chem.13, 681–687(1999)

METHYLANTIMONY FORMEDIN SCOPULARIOPSISBREVICAULISCULTURES 687


