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The filamentous fungusScopulariopsis brevicau-
lis produces nonvolatile methylantimony com-
pounds (found in the medium) when grown in
antimony(lll)-rich medium. To investigate the
methyl source,**CDs-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
13CD; 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 funguScopular-
iopsis brevicaulisto biomethylate inorganic anti-
mony compounds to methylantimony compounds
has been the subject of a number of recent
publications'™ 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,3 brevicaulis
cultures readily produce trimethylarsine from
inorganic arsenic, then cultures & 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 detectedt?

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

The yields of methylantimony compounds (espe-
cially volatile compounds) from cultures o%.
brevicaulis containing inorganic antimony are
relatively smaff* in comparison with_analogous
experiments performed with arserii€. Some
possible explanations for this are differences in
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differences in the mechanism of methylation, or
inability to detect all the methylantimony com-
pounds.
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To probethe mechanisnof antimony methyla-
tion requireghe sametypesof experimentaswere
performedto probearsenicmethylation.

The mechanism for arsenic methylation in
biological systemsfirst proposedby Challenger,
involves a series of oxidative methylation and
reductionsteps.To supporthis schemeChallenger
added*“C-methy]-D, L-methionineto a culture of
S. brevicaulis and isolatedtrimethylarsine,which
containedsignificantlevelsof *“C, from theculture
headspacethus showing that the methyl groups
camefrom methionine.SubsequentlyCullenet al.
showedthat the methyl group of L-methionineis
transferredntact by additionof CDs-L-methionine
to a culture and trappingthe evolvedtrimethylar-
sine,whichwasthenintroducedirectlyinto amass
spectrometef. These authors suggestedthat the

biological methyl donoris S-adenosylmethionine.

Most recentlyCullen et al. performedexperiments
with culturesof Apiotrichumhumicolg containing
CDs-L-methionineandarsenicHG—-GC-MSonthe
culturemediumshowedhatCD; waspresentn the
nonvolatile methylarsenic(V)compounds. These
nonvolatile compoundsshould be found in the
mediumaccordingto Challenger’'smechanisnfor
arsenic methylation. Since L-methionine is the
precursorfor S-adenosylmethionindSAM) these
experimentamply that SAM is the sourceof the
methyl groups. Involatile methylarsenic com-
poundswere found in medium of S. brevicaulis
cultures butthe experimentdiadnotbeensetupin
orderto determinethe methyl source®

The experimentspresentedin this paper are
analogouso Cullen’sexperimentsith arsenicand
A. humicola We use hydride generation (HG)
followed by gas chromatography(GC) and then
massspectrometry(MS) on collectedfractions,to
detect the **CDs-methyl group in nonvolatile
methylantimonycompoundgound in the medium
of S. brevicaulis culturesthat had beenincubated
with potassiumantimony tartrate and **CDs-L-
methioninefor one month.

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

Copyright© 1999JohnWiley & Sons,Ltd.

Scientific). About 20g of aluminawasplacedin a
60 ml syringe:a smallglasswool plug wasusedto

hold the aluminain place. The SPE column 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 dissolving an appropriate
amount of solid in deionized water. *3CDs-L-

methionine(methyl: *C, 90 atom%;D, 98 atom%)
wasobtainedrom BOC ProchemDeerParkRoad,
London,UK).

S. brevicaulis culture

Submergedulturesof S.brevicaulis(ATCC 7903)
mycelial ballswerepreparedy adding100ml of a
seedculture to 300ml of a glucose/minimal-salt
mediunt® in 1-litre Erlenmeyerflasks.Potassium
antimonytartratewasaddedto all culturesto give
100mgShl~* in the medium. Four flasks of live
culturewerepreparedio two of theflasks**CDj-L-
methioninewasadded(0.1g dissolvedin 10ml of
waterandaddedto the culturesvia a 0.2 um filter),
whereasthe remaining two flasks contained no
methionineapartfrom thatnaturallyproducedTwo
nonliving controlswere preparedgcontainingCHs-
L-methionine, potassiumantimony tartrate, med-
ium andautoclaveds.brevicaulis The Erlenmeyer
flasks were shaken horizontally [ca 135rpm,
4.5cm displacementiand maintainedat 26 °C for
one month (previous studieshad shown that the
production of methylantimony compounds, in
significantamountsceasesfteronemonttf). 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
encounteredn the autoclave.All microbiological
experimentswere performed in the Biological
ServiceFacility, ChemistryDepartmentlUniversity
of British Columbia.

Analysis

The methylantimony compoundswere separated
from the large amountsof potassiumantimony
tartrate in the medium by solid-phaseextraction
(SPE).The medium(50 ml) was passedhrougha
basicaluminaSPEcolumnandtheeluatecollected.
Hydride generationHG) was performedon the

Appl. OrganometalChem.13, 681-687(1999)
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Table 1 Instrumentparameters

IT-MS

Massrange m/z100-200
Scantime 0.4s
Segmentength 5min
Peakthreshold 0 counts
Massdefect 0Omm/ 10
Background m/z150

lon mode Electronimpact
Manifold temperature 260°C

CGC

Injector temperature 200°C

Columntemperaturepro-

40°C, 15°Cmin~%, 150°C

PTE® —5,30m x 0.32mm, 0.25um, Supelco2-4143

2m x 1/8inch (0.3mm) c.d. PTFE packedwith

SupelcoporSP210045/60mesh

gram
Transferline temperature 200°C

Column

HG-GC(HP 5890)

GC temperaturgprogram 30-150°C at30°C min~*
Carriergasflow 40ml Hemin™*

Column

Purgegasflow 100ml min~*

eluate from the SPE column by meansof a
previouslydescribedsemicontinuouglow system?
The samplewas bufferedat pH 6 and 2% NaBH,
was usedto 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
rapidly heatingthe sampleoop with hotwater.The
details of the HG—GC systemare summarizedn
Tablel.

The gaseouseffluent that eluted from the GC
column was collected as fractions in evacuated
septa-cappedPTFE-facedsilicon, 16 mm; Supel-
€0),15ml vials. Theflow ratefrom thecolumnwas
approximately40ml min~*, so one fraction was
taken every 20s. The content of the gaseous
fractionswas analysedby capillary gaschromato-
graphycoupledwith anion-trapmassspectrometer
(CGC-MS),as describedelsewheré?! To achieve
easily measurablelevels of trimethylstibine and
dimethylstibinein the collectedfractions,generally
10-20ml of culturemediumwasneededn anHG—
GC run. Onerun wasalsoperformedin which the
effluentfrom the GC columnof the HG—-GCsystem
was analysedwith an atomic absorptionspectro-
meter as detector (HG-GC-AA), in order to
measurethe retention times of dimethyl- and
trimethyl-stibine,to determinein which fractions
thesecompoundswvould be found.

Copyright© 1999JohnWiley & Sons,Ltd.

The CGC-MS consistedof a Star 3400CxGC
with a 1078injector anda Saturn4D ion-trapmass
spectrometer(Varian Ltd). The operating condi-
tionsaregivenin Tablel; avolumeof 1 ml, taken
from thevial by usinga gas-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 CHs-L-methio-

nine. No methylantimony compoundswere de-

tected in these controls after one month of

incubation. This indicatedthat biomethylation of

antimony,with L-methionineasthe methyl source,
is not a passiveprocess.

For all the active cultures of S. brevicaulis
dimethyl-andtrimethyl-antimonycompoundsvere
detectedn the mediumsamplesafter on month of
growth. No attemptwas madeto measurevolatile
methylantimonycompoundsin the culture head-
spacebecausen previouswork we havenot been
able to detectthesecompound$. For the cultures

Appl. OrganometalChem.13, 681-687(1999)
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Figure 1 (a) CGC-MS(ion-trap)total ion chromatogranfor
the sixth fraction collectedfrom the HG—-GCsystem.(b) Mass
spectrum correspondingto the trimethylstibine peak, for a
mediumsamplefrom acultureof S.brevicauliswhich hadbeen
grown in the presenceof Sb(lll) but without **CDg-L-
methionine.(c) Massspectrumfor trimethylstibineformed by
hydride generationon a sampleof mediumfrom a culture to
which 3CDg-labelled L-methionine had been added.
*Me =13CD;.

containingL-methionine the levelsof trimethylan-
timony compounds were  approximately
20ngSbml~. For the cultures which contained
noL- methlonlnexhelevelsof trlmethylannmonyln
themedlawereapprOX|mater5 ng Sbml~*, which
is consistenwith earlierwork.*

Copyright© 1999JohnWiley & Sons,Ltd.
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Figure 2 (a) CGC-MS(ion-trap)total ion chromatogranfor
thefifth fraction collectedfrom the HG—GCsystem.(b) Mass
spectrum correspondingto the dimethylstibne peak, for a
mediumsamplefrom acultureof S.brevicauliswhich hadbeen
grown in the presenceof Sb(lll) but without **CDsL-
methionine.(c) Massspectrumfor dimethylstibineformed by
hydride generationon a sampleof mediumfrom a culture to
which 1°CDs-labelled L-methionine had been added.
*Me =13CDj.

Trimethylantimony species in the
culture medium

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

Appl. OrganometalChem.13, 681-687(1999)
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Table 2 Estimateof *3CD; (%) presentin the trimethylantimonycompoundfoundin mediumsample8

¥cDsin
trimethylantimony

(%) lon ratios

121 123 Average 121/123151/153155/157159/161

Analysis
Cultureno. no.
1 S.brevicaulis+ labelledL-methionine+ Sb(lll) 1
2
3
4
5
6
7
2 S.brevicaulis+ labelledL-methionine+ Sb(lll) 1
2
3
Controls
3 S.brevicaulis+ Sh(lll) 1
4 S.brevicaulis+ Sb(lll) 1
2
MesSh standardrom HG on Me3SbhChb 1

35 28 31 1.32 1.02 152 181
37 33 35 1.24 117 132 1.63
41 33 37 1.17 1.00 1.41 1.95
27 20 23 1.16 111 164 2.22
34 28 31 1.19 093 144 140
26 20 23 1.16 120 177 2.10
38 27 33 1.19 0.89 144 260
55 49 52 1.12 0.91 1.39 1.46
50 42 46 1.06 1.25 1.57 2.30
51 48 49 1.24 103 136 1.33
<1l <1 <1 1.19 171 n/a n/a
<1l <1 <1 1.25 1.50 n/a n/a

3 5 4 1.19 1.70 n/a n/a
<l <1 <1 1.12 1.54 n/a n/a

@ Seetext for discussiorof the assumptionsnadein thesecalculations.

was performed,only the sixth fraction collected
from the HG-GC systemcontainedtrimethylsti-

bine, as measuredy CGC-MS (ion-trap). Figure
1(a) showsa CGC-MS (ion-trap) total ion chro-

matogramfor the sixth fraction. Figure 1(b) shows
a massspectrumfor the trimethylstibine peak of

Figurel(a). This particularsampleoriginatedfrom

a culture of S. brevicaulisto which no **CDj-L-

methioninehad beenadded.The parentions are
readily deprotonatedMe,CH,Sb" m/z=165,167).
The fragmentions Sb" (m/z=121, 123), MeSb"

(m/z=136,138)andMe,Sb" (m/z=151,153)arise
from the lossof three,two and one methyl groups
from trimethylstibine.In the massrange135-139
the mass spectrumis complicated due to the
presenc®f MeSbH" (m/z=137,139)andCH,Sb"

(m/z=135,137)fragmentions. Similar fragmenta-
tion patternshavebeenreportedpreviouslyfor both
quadrupoleMs'?*3andion-trapMS .

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

The fragmentationpatternfor *CD; containing
stibinesis unknownbut it is unlikely to be much
differentfrom that of the unlabelledstibine,so for

Copyright © 1999JohnWiley & Sons,Ltd.

the purposesof quantificationthe fragmentation
patternsareassumedo be the same.

Becausehe parentions are not abundanin the
massspectrumandthe MeSb" region of the mass
spectrum is quite complex, only the Me,Sb"
fragmentions were quantified,assumingthat the
probability of finding a labelledmethyl groupin a
fragmentions is the samefor all fragments.We
definedthe fraction of **CD; presentin trimethyl-
stibinefor the *?'Shisotope(f,»1) accordingto Eqn
[1], whereAqs1, AissandAqsg arethe peakareasat
the trimethylstibine retention time, of the ion
chromatogramsor m/z=151,155and 159 respec-
tively. An analogougormulawasusedfor the'#Sb
isotope.In usingthis proceduret is alsoassumed
that other fragmentions are not significant. The
resultsfrom the quantificatioraregivenin Table2.

~ (Aass/2) + Aasg
fio1 = [1]
Aqs1 + Agss + Agsg

It can be seenfrom Table 2 that there is
significant variability in the percentageof *CDs
incorporatedinto trimethylstibine for both analy-
tical replicatesand culture replicates.The isotope
ratiosshownin Table?2 representheratiosof peak
areador thesingle-ionchromatogramslhenatural
isotope ratio for *?!Sb to '2°Sb is 1.34. The

Appl. OrganometalChem.13, 681-687(1999)
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Table 3 Estimateof »*CD; (%) in the dimethylantimonycompoundfoundin mediumsample8

Analysis

Cultureno. no.

B¥CDsin
dimethylantimony

(%) lon ratios

121 123 Average 121/123151/153155/157159/161

1 S.brevicaulis+ labelledL-methionine+ Sb(lll) 1
2

2 S.brevicaulis+ labelledL-methionine+ Sb(lll) 1

Controls
3 S.brevicaulis+ Sh(lll) 1

38 29 33 129 1.01 129 232
39 28 33 1.25 0.92 127 245
46 40 43 126 121 1.08 2.08
<1l «1 <1 1.31 1.16 n/a n/a

2 Seetext for discussiorof the assumptionsnadein thesecalculations.

significantmeasuredvariationsfrom the expected
natural isotope ratio probably arise from instru-
mental error and from the presenceof interfering
fragmentdn the massspectrumThus,theassump-
tions made above are not substantiatedand the
resultsin Table 2 should only be taken as an
estimateof the percentagef *CD; present.

Cullen et al. found that culturesof trimethylar-
sinefrom culturesof Apiotrichumhumicolagrown
in the presenceof arseniteand CDs-L-methionine
contained20% CDs-labelled methyl groups? In
earlier studiesChallengerfound that culturesof S.
brevicaulisgrown in the presenceof arseniteand
YC-labelled,L-methionineproducedtrimethylar-
sinecontaining28.3%"“C-labelledmethylgroups’
Comparing methylarsenic and methylantimony
compounds,it can be seen that there is no
significantdifference(giventhelargeexperimental
uncertainties)n the percentagef labelledmethyl
groups,incorporatedfrom L-methionine:for both
arsenicandantimonythereis significantincorpora-
tion of the methyl group of L-methionine, most
probablyafter it hasbeenconvertedto the active
form, Sadenosylmethiane.

Dimethylantimony species in the
culture medium

The cultures of S. brevicaulis also formed a
dimethylantimony compound, from which, on
hydride generation, dimethylstibine arises. The
use of HG-GC-AA revealedthat dimethylstibine
shouldelutein the time window correspondingo
the fifth fraction and indeed,this wasfound to be
true whenthe fractionwasexaminedoy CGC-MS
(ion-trap). Figure 2(a) showsthe CGC-MS (ion-
trap) total ion chromatogranfor dimethylstibine.
Dimethylstibineis almost baseline-resolvedrom

Copyright© 1999JohnWiley & Sons,Ltd.

trimethylstibinewhenthis capillary GC methodis

used. The mass spectrum of dimethylstibine
originatingfrom a culture of S. brevicaulis which

wasgrown in the absencef **CDs-L-methionine,
is shownin Fig. 2(b). Theion-trapMS fragmenta-
tion patternfor dimethylstibineis quite compli-

cated. When S. brevicaulis was grown in the

presence of 3CDs-L-methionine, significant
amountof thelabelledmethylgroupweredetected
in the dimethylstibine.This is evidentin Fig. 2(c),

whereextrapeakscanbe seenin themassspectrum
attributed to 13CDs-containing fragments. The

fraction of *3*CDjs incorporatedinto the dimethy-
lantimony compounds was estimated by the

procedureoutlinedabovefor thetrimethylantimony
compoundthe percentagéncorporationwassimi-

lar (Table 3).

In summary: both trimethylantimony and di-
methylantimonycompoundgound in the medium
of S. brevicaulis cultures, containing potassium
antimonytartrate,contained-*CD; when**CDj-L-
methioninewas addedto the medium. The mass
spectraof the hydride derivativesshowedthat the
methyl groups of L-methionine were transferred
intact. Thusantimonyis mostprobablymethylated
by S-adenosylmethiane in culturesof S. brevi-
caulis. Theseresultssuggesthatthe mechanisnof
antimonymethylationis similar to the mechanism
proposedby Challengeffor arsenic.
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Note added in proof: Apotricum humicola is now named
Cryptococcushumicolus
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