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sm: Whole organisns of Methylosinus trichosporim OB 3b partially 
mi:x a wide range of canpxnds including n-a&ares, alkenes, armtic, 
alicyclic and terpenoid hydrocarbons, alcohols, phenol, pyridim and arrmOnia. 
The reactions involve oxidations, dechlorinations and condensations; nrxt 
of tkm (are probably initiated by a broad qxacificity nethane mno-oxygenase. 
Rates of oxidation of ethane and propene are of the sase order as those for 
ll&hane. Catalytic activities are quite stable in organisrrs stored under 
appropriate conditions. The findings differ substantially from those 
recently described for MethyZococcus capsuZatus (Bath), wkde organisns of 
which show very restricted biotransformation capacity. 

IN'I'RDDUCTION: The few cell-free methane mono-oxygenase activities examined 

to date <are not spcific for methane (1) and the enzymes of Methylococcus 

capsdatiks (Bath) and MethyZosims trichosporizun oxygenate a particularly 

wide range of aqounds including n-alkams, n-alkenes, ethers, alicyclic 

and aromatic substanoas (2-4). However, these oxnpounds are not growth 

stistratles for sethanotro@ic bacteria and therefore it is of interest to 

determire whether this lack of specificity is expressed in viva, and if SO 

to atteqpt to assess the netabolic implications. In the case of M.capsuZatus 

(Bath) only five ccarrpounds tested other than n&ham wire oxidised by whole 

cell sus~nsions and three of these were oxidised extre.aely slowly. However, 

twelve oxqourbdswere axidised in the presenoa of formaldehy& whichmay act 

as a source of reducing power for the rom-oxyq~nase. Even so, the range 

ofccuqoundsoxidisedwas farmore restrictedthan for the cell-free system, 

2-butene being the largest hydrocarbon molecule to be attacked (5). I&S. 

trichosporim OB 3b differs substantially from M.cupsuZatus (Bath), the two 
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species being representatives of the two main subdivisions of cbligate 

rtethanotrophs. They differ mor&ologically, use fundamentally different 

carbonincoqzorationpathways andmaycontain fundanentally different methane 

rnonc-oxygenases although this has been disputed (3,6,7). We have therefore 

examined the ability of whole organism suspensions of Mts. trichosporim to 

oxidise or otbarwisemodify awide range of ccqounds. El&are oxidation by 

this species has previously baen studied (8). 

ImrHoDs : Mts. trichosporium OB 3b was grown in continuous culture on a 
m&hare-air mixture as previously described (6). Steady-state organisms 
ore harvested using an Alfa Laval continuous flow centrifuge, washed once 
with sodiumphosphate buffer (2OnM, pH 7.0) andresuspetidinthe sane 
buffer. Incubations were routirely carried out in sealed, conical flasks 
(250 ml) having a side-arm and oantre-well. 'Ihe main aqer&rentantairrad 
sodium phosphate buffer (20 ml, 20 JIM pH 7.0 containing 5 rM Mg Cl2 - 
incubation buffer) and 70-80 IIKJ dry wt of ells. Usually the substrate 
(2-3 ml) was contained in the centre-well but phenol and amnoniun chloride 
wzre added directly to the suspension at 0.5 and 25 r&l final concentrations 
res,pectively. Hydrophobic solids wze ad&d as fine pawders. GaSeOUS 
substrates (l-10 ml) ware injected into sealed flasks. Incubations with 
other substrates were done under both air and methane/air (Ml, V/V). 
Flasks were incubated for 15-24h on a gyrotary shaker at 30 C. For liquid 
and solidsubstrates, organisms were removed by centrifugation (lm, 
10 min, 10 C), washed with incubation buffer and the resulting supernatant 
and washings ware extracted with equal volwes of diethyl ether, before 
drying the extracts over anhydrous MgSO, and conoentrating on a rotary 
evaporator. The remaining aqueous phase was then adjusted topH3 with 
lNHCl, r-e-extracted, treatedas above andmethylatedwithdiazcnethane. 
Mnpyridinewasthe testcoqoti, the suspension madim after removal of 
organisms was extracted twice with half VO~LXWS of dichlonmethana, the 
extracts pled and treated according to Colby et a2 (2). The prdluct, 
pyridire-N-oxide was identified using a t.1.c. technique (2). For 
gaseous substrates the complete incubationrrediumwas used for subsequent 
product identification and assay. 

most products were detected by gas chromatography using a coiled glass 
column (2.1 m x 4 mn i.d.) containing methylsiliane gum (~~30, 3% on 
Diatomite a, lcO-120 mesh) in a Bye-Unicam 204 instnment fitted with 
flame ionisation de&ectors (nitrogen flow rate, 40-60 ml/min; oven 
temperature, 80-150 C). Aqeous samples ware examined using the same 
system but containing a column of chr~sorb 101 (nitrogen flow rate, 
4oml/min; oven teqerature, 121)-150 C). P&t product identification was 
done using a Pye 104 gas chromatograph linked via a membrane separator to 
anAElMs2Omass spectrorreter. G.1.c. conditions ore as described above 
ex~pt the carrier gas was helix (flow rate, 30 ml/min). Product mass 
spectra ware compared with those obtained for authentic samples where 
available. Hydroxylaminewasdetectedbya colourinetricrrethcd (9). 
In controlexperiaents, cell suqensionswhichhad notbeenexposedtotest 
ccPnFoundswereextractedandex~nedbythesetecfinique~- For all test 
cxxrpm, controlflaskswithoutcell suspansionwereincubated,extracted 
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ard examined for any non-biological transfonnatim. For selected 
substrates (ethylbenzene, l-tienylheptane, propene) organisllswar-eharvested 
aseptically and incubations were carried out under rigorous aseptic mniitions. 

Initial rates ofethane andproFeneoxidati~weredeterminedpolarographic 
ally using a Rank oxygen electrode. Rates of product formation in incubat- 
ionmixtureswere determinedbygas chrmtcgraphy as describedabove. 

R!ZSULIS AND DISCUSSION: Whole organisms of Mts. trichosporiwri oxidise a 

wide rang- of wunds including n-alkarnas, dkenes, arurkatic, alicyclic 

and terpanoid hydrocarbons, alcohols, phenol, pyridine and ammonia. A 

number of examples are listed in Table 1. Only a fewcQnFounds testeddid 

not yield products. These were either difficult to present to the bacterium 

being hydrophobic solids (e.g. anthracena, biphenyl, anthrcquinones) or 

probably toxic (e.g. l-chloro-pzntane, 1-chloro-octana , nitroanilire). Scse 

of thzse transformations are single step reactions reflecting only the lack 

of substrate specificity of m&hare mono-oxygenase e.g. benzene--+ Nenol, 

propXMa---3prqEx-E oxide. Othars are n-ore corq3lex, in soma cases reflecting 

store than one point of attack by tha oxygenase on an individual substrate and 

also involving non-oxyganative reactions presmd catalysed by other enzymes. 

For exa@e, of thz products formed frQn ethylbenzene, benzyl alcohol and 

p-hydroxy-ethylbenzna muld be tidiate products of methane mono-oxygenase 

activity. Ho&ever, phenylacetic acid is probably fonred frchn bensyl alcohol 

by two oxidoreductase activities, perhaps catalysed by rrethanol arrl formal- 

dahyde dehydrogenase enzymes. Benzoic acid is probably derived from 

phenylacetic acid by an a-oxidation mechanism which could again involve 

rmdlmne rrmo-oxygenas2. 

The products formad from phenylheptare indicate that the bacterium can 

degrade the alkane side-chain, initiation of this process probably being dm 

to lack of specificity of rrethana mono-oxyganase. Since only C-odd prducts 

are formad, it is probable that the side chain is B-oxidised to aoatate. 

Extensive carbon incorporation and oxidation of acetate has been &nor&ra- 

ted in the closely related species, Methanomoms methanooxiduns (10). 
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TABLE 1. CWCUNW~ACKEDBYWOLEOPGANISMSUSPENSICNS 

OF METHYLOSINUS TRICHOSPORIUM AM) PFUXK!TS GX~RA'IED. 

AlImnia Hydroxylamine 

E!enzemz Phenol 

Bicyclokxyl Nl 

Butadiere 3,4-E&oxy-l+mbae 

But-2-ene 2,3-Epcgrbutaw 

m-Chlorophenol Nl 

m-&lorotoluene 

TVC?Z?sOl 

o-cresol 

QClOhSdI-E! 

cyclohexanol 

7FC%X3IE 

EtChal%? 

Ethylbenzem 

Fl.-CdUCtS 

Ben@ almhol, benzyl 
epoxidz, m- or p+nethyl 
benzylalcohol 

m- and p-HydroxybenzaldehycSe 

5+lethyl-1,3+enzenz diol 

cyclohexanol, 3-hydroxy- 
cyclohexancme 

3-Hydroxycyclohexanorie 

Nl 

Acetaldehyck, acetate, acetone 

Benzoic acid, tenzyl alcnhol, 
p-hydroxy ethylbsme~, 
pbenylacetic acid. 

-ts 

) 
) Configuration mt 
1 &termizd. 

TW mn-chlorinated 
products. One is 
aphemlwith a 
heptamic acid si& 
chain. 

Other unickntif ied 
pro&As with 
alkanoic acid side 
chains on arzanatic 
nuclei. 

Therefore, it is hiqhlyprobable thatatleastsaw methanotrq~hs canderive 

carbmardenergy fmnccmplexamqmmdstiich cannotalore supportgrcwth. 

m-and p- &droxykenzaldehy& were famed from m- cresol insimilar 

-ts . In the case of the latter canpouml, a shift of the hydroxyl group 

has apparently occurre d and therefore the oxidations of m- diLoro&enol at-d 

m- chlorotoluer~ w2r-e ~redtoatten@toclarify the m3&3nism. 

Surprisingly, all products fran these ~~IIFOUI& had &en dechlorinated. In 
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Compound 

Exdmle 

Hexs?bsec!ane 

Iso]~ro~1benzene 

Lim3WIle 

p-t+ntbane 

l-Wthyl.naphthalenz 

2-~sthylnaphtbalene 

n-Pen-1 

Pllenol 

1-Pllenyldecane 

1-Plwlylb3ptaIE 

1-Phenylnonane 

aolT= 

Pyridine 

stylrene 

TollJ%E! 

p*alidine 

m-Xlylene 

Table 1. (continued) 

Products 

EtheEoxide 

Hexadecan-l-o1 

p-Hydrcxy isopropyl benzene 

Nl 

Nl 

Nl 

Nl 

Nl 

Catechol, 1,4-dihydrcxybenzene 

Nl 

l-Hydrcxy-1-pbenylheptane, 
1-phenyl-heptan-7-al, 
cinnamic acid, tenzoic acid 

Nl 

Propene oxide 

Pyridirre-N+xide 

Styrene epoxide 

Penzoic acid, 
p-hydrcxytoluene 

Nl 

Nl 

Comments 

Other Unidentified 
products 

(hE product has 
long alkancic 
acid side chain. 

Nl = not identified. 

addition, ~D'E products frcxn these tw compounds and from m- xylene had 

acquired a methyl group or an alkanoic acid side chain. It is possible that 

both these dechlorination and conc%ansation activities are a manifestation of 

themschanismofnWhanemono~xygenase. It has been suggested that the 

mechanism involves free radicals (11) and dimathyl ether is knwn to he 

gznarated during netharra oxidation although it is thought not to he an 

intenrediate, thus supporting this contention (1). 
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PkMz of the transformations in Table 1 ha= been &son&rated in the 

presence of mathare but mathare was not present during oxidation of gaseous 

a3mpJnds. In other cases, emission of methane sceetimas altered the 

relative anon& but not the nature of products fonrrd. With the exception 

ofethane and propena, rates of oxidationhave not been recorded as they are 

usually determined in this exparimantal. system by vapour diffusion rates. 

Hence the amountsof liquid substrates inextracts of suspsnsionmsdiumare 

extremalylcw, inn-ost cases undatectedby the procedures used. Mwsver, 

ethana and props= show&! initial oxidation rates of about 100% a& B-500 

respectively of the ratewithmethane (30-70 nnrLparng drywt of 

organisms~n). Propene oxide aocumulated inincubationmixtures up to 

5-10 ItPI. Ethanewas oxidisedtoaoataldehyde andacetate in the absence of 

nethare and acetone accurmlation was also noted as previously rqxzted (8). 

Organisn's stored after harvesting for 2OXh without methane at 4OC or 

withnethar-ra at30°C sho+,ed 25 and < 10% oxidising activity loss respecti=ly. 

At30°C inthe absence ofmathana activitylosswas complete within 4C-60h. 

Ckidisirq activity is retainad on storage in liquid nitrogen or at -l5OC. 

Tkse results contrast sharply with those obtained with M.capsulatus 

(Bath),whole organisms ofwhich show awry restricted range ofnon-growth 

substrate oxidationseven in the presenoa of formaldehyde as a source of 

reducing Fr for the mo-oxygenase. Hydrocarbonswithn~rethanfcur 

carbon atcmts were not oxidised (5). Also, in caseswhere furtkroxidation 

of the product does not occur andmathanais absent, there is noexogenous 

source of reducingpawer forthemono-oxygenase. In Mts. trichosporiwn it 

is presumably derived from endogenous rretabolites or storage materials. 

This again is distinct from findings with M. cqsutatus (Bath) in which evan 

ethanais notoxidisedtoproductsinthe absence of formaldehyde. bhether 

these apparently major differences in the behaviour of whole organisms reflect 

physiological and/or morphological differenoss between the two species or 
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fmdamntal differem% in the enzymic nxhanisms involved remains to be 

resolvzd (3,6,7). However, it is possible that som of these differences 

mxely reflect the trpe of incubation prooedure used. 

AcTKN~lx-s: W thank ICI Ltd. for financial support. 
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