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Cleavage of aliphatic organosulfonate carbon to sulfur (C=S) bonds, a critical link in the global

biogeochemical sulfur cycle, z'_ has been identified in Escherichia coli K-12. Enormous quantities

of inorganic sulfate are continuously converted (Scheme I) into methanesulfonic acid 1 and acylated

3-(6-sulfo-a-D-quinovopyranosyl)-L-glycerol 2. l'_'s Biocat lyric desulfurization (Scheme I) of I

and 2, which share the structural feature of an aliphatic carbon bonded to a sulfonic acid sulfur,

completes the cycle. Discovery of this desulfurization in E. coli provides an invaluable paradigm for

study of a biotic process which, via the biogeochemical sulfur cycle, significantly influences the

atmospheric concentration of sulfur-containing molecules. 2
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Desulfurizations of aliphatic organosulfonates and aromatic organosulfonate,_ constitute the

major classes of biocatalytic organosulfonate C-S bond cleavage processes. Forcing E. co_: K-12 to

use aliphatic organosulfonates (Table I) as a sulfur source revealed capabilities broadly reminiscent

of desulfurizations catalyzed by bacteria isolated from soii and harbor waterJ Formation of [Z4C]-

carbon dioxide from [Z4C]-methanesulfonic acid is similar to a recently discovered transformation

effected by soil bacteria. _ However, not ali orgatJosulfonate C-S bond cleavage processes are present

in E. coli. Failure to degrade benzenesulfonate distinguishes E. coli from bacteria which are capable

of cleaving aromatic organosulfonate C-S bonds, 5'e !_,_ /_L.e
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( Table I. Comparison of Biocatalytic Aliphatic Organosulfonate C-S Bond Cleavage Reactions

specificb products_

activity intact cells lysate
organosulfonate growth' 10"4units/ing

14CH3SO3H + 0.35 14CO2 NDa

CH3(CH2)sSO3H + 3.3 CH3(CH2)sOH CHs(CH2)(CO2H

,

-SO3H _ X X X

nffil + 5.4 n=l n=O

_ n=2 + 9.0 _ nffi2 _n=I/
(CH2)nSO3H (CHz)nOH (CH2)nCO2H

n=3 + 6.4 nffi3 n=2 r

t
z

a E, coli RB791 (W3]II0 lacL8lq) 7 were cultured at 37°C for 14 h in M9 minimal medium a iw

supplemented with thiamine hydrochloride (0.005 g/L) and with organosulfonic acid (0.25 mM)
replacing inorganic sulfate, b I unit = I _mol SOs-2/min; Assay solutions (pH 8,8) consisted of protein _.
(I0 -14 rag/mL) from desalted cell lysate incubated with trizma'HCl (63 mM), sodium chloride (9
mM), ammonium chloride (19 mM), NADH (I0 mM), and organosulfonate (12,5 mM), Aliquots (I
mL) were removed at timed intervals and protein precipitated with 10% (w/v) trichloroscetic acid.
Absorbance (412 nrn) was measured after incubation of neutralized, deproteinized aliquots with
Ellman's reagent, e Chloroform extracts of culture supernatants and cell lysates were analyzed by gas
chromatography and GC-MS, Structure assignments were based on coinjection with authentic
samples and comparison of mass spectra, d not determined

Extracellular accumulation of 2-phenylethan- I =oi and trace levels of phenylacetic acid in the

supernatant of E, coli cultured with 2-phenyl- 1-ethanesulfonic acid were characteristic of the carbon

fragments formed from the aliphatic organosulfonates (Table I). To ascertain whether the alcohols
=.

were the actual carbon fragments initially formed by C-S bond cieavage, desulfurization of 2-phenyl-



1, l-dideutero- 1-ethanesulfonic acid by intact E. coli was examined. Retention of only one deuterium

in product 2-phenyl-l-deuteroethan-1-01 implicated aldehyde intermediacy despite the absence of

aldehyde products in cell lysate and culture supernatants. This eliminated direct hydrolysis 9 (Path

A; Scheme II) and insertion of oxygen into the C-S bond (Path B; Scheme II) as mechanistic

possibilities.

SCHEME II H2SO3 H2SO4
+ +

R/_OH RaI_OH

R., s O R/-,:s,OH B %..,,,0
lt O's VG "-4" R/_O'_'OH
0

Os 0
OH OH

o,A,o

0 0 0

+ +

H2SO2 H2SO3 H2SO4

Although no C-S bond cleavage of organosulfonates was detectable in anaerobic desalted cell

lysate, aeration and addition of reduced nicotinamide adenine dinucleotide (NADH) resulted in

desulfurization. Formation of phenylacetic acid and phenyl-2-propanone from 2-phenyl-l-

ethanesuifonic acid and l-phenyl-2-propanesulfonic acid were typical (Table I) of the cell-free

desulfurizations. The NADH and oxygen requirement for cell-free C-S cleavage activity effectively

removed sulfene intermediacy 1° (Path C; Scheme II) from further consideration. Formation of 5-
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' thio-2-nitrobenzoate when Ellman's reagent was added to deproteinized assay aliquots implicated

sulfite formation and was used to determine enzyme specific activities (Table I), 11 This eliminates

ali mechanisms leading to inorganic sulfate 12 (Path E, Scheme II) and leaves c_-.hydroxylation (Path

D, Scheme II) as the only remaining, viable mechanism.

For the present, scrutiny of the products, intermediates, and mechanism of aliphatic

organosulfonate desulfurization in E. coli has provided key insights into an intriguing yet largely

uncharacterized biocatalytic transformation. The next level of appraisal requires purification of the

enzyme responsible for aliphatic organosulfonate C-S bond cleavage. Such efforts must contend with

the low specific activities in cell lysate and chronic enzyme instability. Fortunately, the relative ease

with which soluble enzymes can be overproduced in E. coli and observed stabilization of C-S bond

cleaving activity with NADH and argon atmosphere is should expedite future manipulations of the

enzyme.
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