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This value varies significantly with the pKa values for the archetypal DSOR members 

glutathione reductase, 4.8 (4) and mercuric ion reductase, 5.2 (14), and is most likely a 

result of the  

unique, predominantly hydrophobic architecture of the active site of 2-KPCC.  A 

significant contributer to this hydrophobicity is the substitution of a phenylalanine 

residue in 2-KPCC for the conserved histidine residue seen in other DSOR enzyme active 

sites (Figure 3-6) (5). 

 

  

 

Figure 3-6.  Comparison of the active sites of 2-KPCC and glutathione reductase.  A, 2-
KPCC active site with a phenylalanine residue in the postion of a conserved histidine 
residue in other DSOR members; B, glutathione reductase (PDB ID: 3DK4) showing the 
conserved histidine residue typical of DSOR enzymes. 
 
 
 

DISCUSSION 
 
 

 In these studies two different methods were utilized to further the investigation 

into the unique active site of 2-KPCC. Site-directed mutagenesis was used to complete 

the characterization of the two active site cysteine residues, Cys87 and Cys82 with 

respect to the redox independent reaction catalyzed by 2-KPCC, acetoacetate 
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decarboxylation.  Both of the cysteine mutants had activity higher than the wild type 

protein with regard to this reaction, these results have also been seen in 2-KPCC with 

other active site mutations.  The C82A mutation also allowed the previously 

undetermined pKa of the flavin thiol of 2-KPCC, Cys87.  This result was confirmed by 

similar analysis using 2-KPCC that had been selectively alkylated at the Cys82 position 

by the modifying agent and CoM analog, BES.  Both modified proteins gave nearly exact 

values for the pKa of Cys87.  The higher pKa value for Cys87, as opposed to the pKa 

values for other DSOR enzymes, is also supported by the observation that the enzyme has 

optimal activity at pH 8.2 (7), a much higher pH than is typical for DSOR enzymes.   

BES has been shown to be a specific inhibitor of bacterial short chain alkene 

metabolism, having no effect on the same bacteria grown on different substrates such as 

isopropanol or propane, in addition to inhibiting the growth of methanogens.  There is a 

broad utility for BES to act as an environmental probe to potentially identify and 

characterize not only CoM-dependent alkene-oxidizing bacteria but also new classes of 

CoM utilizing bacteria in addition to the already known methanogens and alkene 

oxidizers. 

 Although BES has been shown to be an inhibitor of enzymes involved in the last 

two steps in the epoxide carboxylase pathway, it irreversibly inhibits only 2-KPCC and 

neither R- or S-HPCDH.  The specificity of BES alkylation of only the interchange thiol 

in 2-KPCC gives BES a more specific function in the utility of it as a mechanistic probe, 

providing additional insight into the unique active site of this unconventional DSOR 

member. 
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CHAPTER 4 
 

BROMOPROPANESULFONATE AS AN INHIBITOR OF GROWTH IN 

XANTHOBACTER AUTOTROPHICUS  STRAIN PY2 AND AN INHIBITOR AND 

SELECTIVE ALKYLATING AGENT OF 2-KPCC 

 
ABSTRACT 

  

 The metabolism of epoxides in the bacteria Xanthobacter autotrophicus strain 

Py2, requires the atypical cofactor CoM, thought previously to be utilized only by 

methanogens.  The CoM analog, 2-bromoethanesulfonate (BES)  has been shown to be 

an inhibitor of growth of both methanogens and alkene oxidizing bacteria, the latter by 

acting as a suicide substrate and specifically and irreversibly alkylating and inactivating 

the last enzyme in the X. autotrophicus epoxide metabolism pathway, NADPH:2-

ketopropyl-CoM oxidoreductase/carboxylase (2-KPCC) a member of the disulfide 

oxidoreductase (DSOR) family.  BES inhibition of 2-KPCC occurs by specific alkylation 

of the interchange thiol leaving the cysteine residue modified by an ethylsulfonate group. 

In these studies, 3-bromopropanesulfonate (BPS) has been shown to be an even more 

potent inhibitor of X. autotrophicus growth and of the enzyme 2-KPCC, presumably 

because the alkylation of the interchange cysteine residue more closely resembles the 

normal interchange thiol-CoM mixed disulfide formed during catalysis.  The 

concentration of BPS required for complete inhibition of X. autotrophicus growth was 

less than 75 µM, close to two orders of magnitude lower than the concentration of BES 

required for growth inhibition.  Over short time courses, BPS exhibited competitive 



	
  

	
  

82	
  

inhibition of 2-KPCC with a Ki = 34.9 ± 8.4 µM, which was also two orders of magnitude 

lower than the Ki determined for BES. 

 
INTRODUCTION 

 

The bacterial metabolism of epoxides formed from short chain aliphatic alkene 

epoxidation occurs by a three step, four enzyme pathway that uses the atypical cofactor 

coenzyme M (CoM) to facilitate epoxide ring opening and as a carrier of intermediates 

through the pathway.  Before the discovery of CoM in Xanthobacter autotrophicus, the 

only known function of CoM was of a methyl group carrier in archaeal methanogenesis 

(14). 2-bromoethanesulfonate, a CoM analog, has previously been shown to be an 

inhibitor of both methanogenesis in archaea as well as aliphatic epoxide carboxylation in 

bacteria (3, 4, 9, 19).  While the inhibition of these two pathways by a CoM analog may 

not be in itself surprising, what is interesting is that the mechanism of inhibition varies 

substantially between the enzymes inhibited in the aforementioned pathways.  In 

methanogens, the target of BES is methyl CoM reductase (MCR).  BES binds as a CoM 

analog and inactivates the enzyme by oxidizing the nickel tetrapyrrole cofactor from the 

+1 to +2 oxidation state (8).  In bacterial epoxide metabolism, BES has been shown to be 

a mixed rapid equilibrium inhibitor of enzymes catalyzing the last two steps in the 

pathway, R-hydroxypropyl-CoM dehydrogenase (R-HPCDH) and NADPH:2-ketopropyl-

CoM oxidoreductase/carboxylase (2-KPCC) (3).  In addition, BES has been shown to be 

a time-dependent, irreversible inactivator of the terminal enzyme in the pathway, 2-

KPCC, via selective alkylation of an active site cysteine residue (3). 
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As a member of the disulfide oxidoreductase (DSOR) family of enzymes, 2-

KPCC reflects all of the notable features of this family.  A flavin containing enzyme, 2-

KPCC uses NADPH to reduce the bound flavin, which in turn reduces a redox active 

disulfide to free thiols designated as the flavin thiol and the interchange thiol.  But 2-

KPCC is a unique member of the DSOR family with regard to many aspects.  

Conventional members of the DSOR family, such as glutathione reductase and 

dihydrolipoamide dehydrogenase catalyze disulfide bond cleavage, forming a temporary 

mixed disulfide between the interchange thiol and the substrate molecule (10, 17).  In 

contrast, 2-KPCC catalyzes the thioether bond cleavage of 2-ketopropyl-CoM (2-KPC) 

forming a mixed disulfide between the interchange thiol and CoM (16).  The mechanism 

of BES inhibition in 2-KPCC has been shown to be by irreversible alkylation of the 

interchange thiol when the enzyme is in the reduced form.  The selectivity of BES as an 

alkylating agent is due to the interaction of the sulfonate group with the two arginine 

residues that have been shown to coordinate the sulfonate group of the native substrate, 

2-KPC (15). 

Although the free BES molecule is an excellent CoM analog, the debrominated 

ethyl sulfonate bound to the enzyme is an alkyl group shorter than the mixed disulfide 

normally formed by CoM (Figure 4-1).  It is reasonable to assume that 3-

bromopropanesulfonate (BPS) may be a better CoM mimic when bound to the 

interchange thiol of 2-KPCC.  BPS has also been shown to be an even more potent 

inhibitor of MCR, also by oxidizing the nickel tetrapyrole cofactor, but by a different 

mechanism than BES (8, 11, 12). 
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Figure 4-1.  Comparative structures of 2-mercaptoethanesulfonate (CoM), 2-
bromoethanesulfonate (BES) and 2-bromopropanesulfonate (BPS). 
 
 

Based on the studies of BES inhibition in bacterial epoxide metabolism, and BPS 

inhibition in methanogens, BPS was studied as a potential inhibitor of epoxide 

metabolism in X. autotrophicus and specifically of the last enzyme in the bacterial 

epoxide degradation pathway, 2-KPCC.  BPS has been shown to completely inhibit X. 

autotrophicus growth at a concentration of 75 µM, which is close to two orders of 

magnitude lower than the threshold concentration of BES, 3 mM, required to completely 

inhibit bacterial growth.  In addition, over the course of short time frames, BPS was 

found to act as a competitive inhibitor of 2-KPCC with an inhibition constant also two 

orders of magnitude lower that that determined for BES. 

 
METHODS 

 

Materials.  Commercially available compounds used were of analytical grade and 

purchased from either Sigma-Aldrich Chemicals or Fisher Scientific. 3-

bromopropanesulfonate was purchased from ScienceLab, Houston, TX.  2-(2-Keto-

propylthio)ethanesulfonate (2-KPC) was synthesized as described previously (1).  

Growth of X. autotrophicus and Measurement of Cell Growth.  Bacteria were 

grown at 30°C in a mineral salts medium (6) as described previously (18).  Cultures were 
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grown in 50 mL of medium in sealed 250 mL shake flasks that had been modified by the 

addition of a Klett-compatible side arm for measuring optical densities and by 

replacement of the flask openings with 20 mm crimp-sealable tops and side arms for 

introduction of gaseous growth substrates.  Cultures were inoculated with 1 mL of cells 

growing in log phase and with 30 mL of propylene.  For the addition of BPS to cultures, a 

26.7 mM stock solution was prepared and filter sterilized using a 0.2 µm acrodisc filter.  

BPS was then added from the stock soluton so that the final concentration was 75 µM.  

The optical densities were determined approximately every three hours by placing the 

side arms of the culture flasks in a Klet-Summerson photoelectric colorimeter with a no. 

66 filter.  The Klett-Summerson colorimeter was standardized using a Shimadzu model 

UV-2101 spectrophotometer for conversion of Klett readings to absorbance values 

(optical density at 600 nm). 

Growth of Escherichia coli Expressing Recombinant 2-KPCC. All E. coli 

were grown at 37˚C. E. coli Top10 cells were grown in Luria-Bertani Rich (LB-Rich) 

broth containing ampicillin (100 µg/mL).  The LB-Rich media contained the following 

components per liter: 20 g of tryptone, 15 g of yeast extract, 2 g of K2HPO4, 1 g of 

KH2PO4, and 8 g of NaCl.  For the expression of 2-KPCC, E. coli Top10 cells that had 

been transformed with pDW1 were plated and grown overnight.  A single colony from 

this plate was used to grow a 25 mL liquid culture to an A600 of 0.6 for preparation of 

25% glycerol (v/v) stocks that were stored at -80˚C until use.  For use, cells from a frozen 

stock were inoculated into 125 mL of LB-Rich media and grown to an A600 between 0.6 

and 1.0.  This culture was used as the inoculum for a 15 L capacity microferm fermentor 

(New Brunswick Scientific) containing 12 L of LB-Rich media supplemented with 
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riboflavin (15 mg/L) and antifoam A (0.005% v/v).  Cells were allowed to grow at 37˚C 

with stirring at 400 rpm and forced aeration to an A600 between 0.6 and 1.0.  At this time, 

the temperature was reduced to 30˚C, arabinose was added to 0.02% and the cells were 

allowed to grow at this temperature for 6 h.  Cells were concentrated using a tangential 

flow filtration system (Millipore) and pelleted by centrifugation.  Cell paste was drop 

frozen in liquid nitrogen and stored at -80˚C.    

Purification of recombinant 2-KPCC. Cell paste was resuspended in 3 volumes 

of buffer A (50 mM Tris, 1 mM DTT, 0.1 mM EDTA, 5% glycerol v/v) with DNase I 

(0.03 mg/mL) and lysozyme (0.03 mg/mL) and thawed at 30˚C with shaking.  All 

subsequent treatments were perfomed either on ice or at 4˚C.  Cell suspension was passed 

three times through a French pressure cell (16000 psi) and clarified by centrifugation 

(184000 RCF). Clarified cell extract was applied to a 0.5 x 5.0 cm column of Ni-NTA 

Superflow (Pharmacia Biotech) at 7.0 mL/min.  The column was then washed with 4 

column volumes of buffer A and the bound sample was eluted with a 15 column volume 

gradient from 0-400 mM imidazole.  The purification was followed using SDS-PAGE 

analysis.  Appropriate fractions were pooled and (NH4)2SO4 was added to 800 mM.   The 

solution was incubated at 4˚C with gentle stirring and then applied to a 2.6 x 5.5 cm 

column of phenyl sepharose that had been equilibrated with buffer C (buffer A + 800 mM 

(NH4)2SO4).  The column was then washed with 4 column volumes buffer C and bound 

protein was eluted with a 15 column volume gradient from 0-100% buffer A followed by 

an additional five column volumes buffer A.  Appropriate fractions were pooled and 

concentrated by ultrafiltration using a YM30 membrane (Amicon) and frozen dropwise in 

liquid nitrogen for storage at -80°C.   
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Protein Concentration Determination.  2-KPCC concentrations were 

determined by using the previously determined extinction coefficient (є450 of 11828 M-

1•cm-1) (2). 

SDS-PAGE Procedures.  SDS-PAGE (12% T) was performed following the 

Laemmli procedure (13).  Electrophoresed proteins were visualized by staining with 

Coomassie blue.  The apparent molecular masses of polypeptides were determined by 

comparison with Rf values of standard proteins.   

Coupled Spectophotometric Assay for 2-KPCC Carboxylation Activity.  A 

continuous spectrophotometric assay was utilized that couples acetoacetate production by 

2-KPCC to acetoacetate reduction and concomitant NADH oxidation by β-

Hydroxybutyrate Dehydrogenase (β-HBDH) (5).  Purification of β-HBDH for use in the 

assay was performed as described previously (5).  Assays were conducted in 2 mL 

anaerobic quartz cuvettes that contained a total reaction volume of 1 mL.  Assays 

contained 0.125 mg 2-KPCC, 0.345 mg β-HBDH, 10 mM DTT, 0.2 mM NADH, 60 mM 

carbonate species (added as 33.5 mM CO2 gas plus 26.5 mM KHCO3), 0.25-5.0 mM 2-

KPC and 10-200 µM BPS in 100 mM Tris buffer, pH 7.4.  Reactions were allowed to 

equilibrate to 30°C and assays were initiated by the addition of 2-KPC and BPS, which 

was allowed to equilibrate in a needle before addition.  Acetoacetate production by 2-

KPCC and subsequent reduction by NADH was quantified by monitoring the decrease in 

absorbance (A340) associated with the oxidation of NADH in a Shimadzu UV160U 

spectrophotometer containing a water-jacketed cell holder for temperature control. 

Incubation of 2-KPCC with BES.  Samples of 2-KPCC (2.4 mg/ml) were 

incubated anoxically as previously described in the presence of 10 mM DTT and 10 mM 
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BPS for four hours (3).  At that time, the samples were desalted into 2 ml using 

prepacked columns of Sephadex G-25 (Pharmacia, PD-10) equilibrated in 100 mM lysine 

buffer with 100 mM NaCl and 0.1 mM EDTA at pH 11.  Desalted samples were air 

oxidized for 30 minutes before being subjected to UV/Vis spectral analysis. 

UV/Vis spectral analysis of 2-KPCC.  Spectra were obtained on a Cary 

UV/Visible Bio50 spectrophotometer. 

Data Analysis.  Initial velocity data were plotted as velocity versus substrate 

concentration and fit to the standard form of the Michaelis-Menten equation as described 

by Cleland (7) using the software SigmaPlot 11.  Enzyme inhibition data were fit to the 

following form of the Michaelis-Menten equation, f = Vmax[S]/(Km(1 + ([I]/Ki)) + [S]) 

which describes the effect of a competitive inhibitor (7).   

 
RESULTS 

 

 Growth Inhibition of X. autotrophicus by BPS.  Both BES and BPS have been 

shown to be inhibitors of methanogenesis with BPS being the more potent inhibitor of the 

two.  BES has been shown to be an inhibitor of epoxide metabolism in two known 

bacteria that utilize a CoM-dependent pathway, X. autotrophicus and Rhodococcus 

rhodochrous.  It was of interest to determine if BPS was also a more potent inhibitor of 

alkene oxidizing bacteria in a similar fashion to that observed in methanogens.  To 

determine this, cultures of X. autotrophicus were allowed to grow in sealed flasks on 

propylene in the absence and presence of BPS with OD600 readings taken every three 

hours.  Upon the addition of 75 µM BPS, growth was completely inhibited.  The 

concentration of BPS to be used was determined by prior growth experiments designed to 
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find the minimum concentration at which BPS could completely inhibit growth. To 

determine the specificity of BPS inhibition, X. autotrophicus was also grown on 

isopropanol, a compound that does not require CoM for metabolism, in the presence and 

absence of BPS.  The presence of BPS had no effect on the growth of the bacteria when 

grown under these conditions (data not shown).   

 

 

 
Figure 4-2.  Growth of X. autotrophicus in the presence and absence of BPS.  , 0 µM 
BPS; , 75 µM BPS added at the time indicated on the graph. 
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Kinetic Characterization of Rapid Equilibrium Inhibition of 2-KPCC by BPS.  

Previous studies have shown BES to be a rapid equilibrium inhibitor of 2-KPCC, 

as well as a time dependent irreversible inactivator of the enzyme.   Although 2-KPCC is 

capable of catalyzing several different reactions, the physiologically relevant reaction 

catalyzed is the reductive cleavage and carboxylation of 2-KPC resulting in the formation 

of acetoacetate.  Previous measurement of this activity required a discontinuous assay 

which quantified the amount of radiolabeled 14CO2 incorporated into acetoacetate.  In 

these studies a new, recently developed assay was utilized which couples the production 

of acetoacetate to the activity of β-HBDH and concomitant oxidation of NADH, which 

can be measured spectrophotometrically by following the decrease in A340.  Activity of 

the enzyme was monitored over short time courses (20-40 s) and the progress curves for 

product formation were largely linear in the absence and presence of BPS.  If assays were 

allowed to proceed for longer time periods (longer than one minute) there was a decrease 

in progress curve linearity, suggesting that BPS may be a time dependent inactivator of 2-

KPCC as well. 

The carboxylation activity of 2-KPCC was measured as described above in the presence 

of varying concentrations of BPS and varying concentrations of 2-KPC, with saturating 

concentrations of DTT, NADH, CO2 and β-HBDH.  As shown in Figure 4-3, BPS 

behaved essentially as a competitive inhibitor during the short time courses of the assays.  

The experimental data were used to calculate the following kinetic parameters: kcat = 12.7 

min-1, Km = 269 ± 56 µM, and Ki = 34.9 ± 8.3 µM. 
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Figure 4-3.  Competitive rapid equilibrium inhibition of 2-KPCC catalyzed 2-KPC 
oxidation by BPS.  Assays of 2-KPC carboxylation were performed as described in 
Materials and Methods with 0.125 mg of 2-KPCC and varying concentrations of BPS.  
Data points represent the average of duplicate experiments and were fit to the standard 
form of the Michaelis-Menten equation.  Symbols: , 0 mM BPS; , 10 µM BPS; , 
100 µM BPS; , 200 µM BPS. Inset, double reciprocal plots for the assays with the solid 
lines being generated from nonlinear least-squares fits of the velocity versus [S] data to 
the equation for a rectangular hyperbola using Sigmaplot. 
 

UV-Visible Spectroscopic Evidence for Alkylation of Cys82 by BPS.  As 

typical for all DSOR enzymes, a flavin-thiolate charge transfer complex results from the 

interaction of the proximal cysteine and the oxidized flavin when the proximal cysteine, 

Cys87 in the case of 2-KPCC, is in the deprotonated thiolate form.  Usually the charge-

transfer complex develops and dissipates too quickly to be easily observed.  However, 
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upon modification of the interchange thiol, which renders the proximal thiol in a 

continually reduced state, the distinguishing features of the complex, most prominently 

an increase in absorbance around A555 can be easily visualized spectrophometrically.  2-

KPCC that had been incubated in the presence of BPS, shows the typical spectral 

 

 

 
Figure 4-4.  Spectral changes associated upon modification of 2-KPCC that had been 
alkylated by BPS.  Trace 1, 2-KPCC that had been preincubated in the absence of BPS; 
Trace 2, 2-KPCC that had been incubated in the presence of BPS. 
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characteristics associated with a flavin-thiol charge transfer complex, indicating that the 

protein undergoes alkylation in a similar fashion to protein modified by BES which has 

been more extensively characterized. 

 
DISCUSSION 

 

 The studies in this chapter have identified BPS as another and more potent 

inhibitor of epoxide metabolism in X. autotrophicus, with the target of irreversible 

alkylation being the final enzyme in the epoxide metabolism pathway, 2-KPCC.   

 BES was the initial structural CoM analog identified as an inhibitor of 

methanogenesis by inhibiting the methane liberating enzyme, methyl CoM reductase 

(MCR) with a Ki = 2 µM (8).  While BPS, also a structural analog of CoM, has been 

shown to be an even more potent inhibitor of methanogenesis (Ki = 0.1 µM) (8), its 

inhibition of MCR is by a different mechanism than BES. 

 The concentration of BPS at which X. autotrophicus growth was inhibited and the 

concentration at which half maximal inhibition for 2-KPCC were about 100 times lower 

than the concentrations of BES required.  These BPS concentrations are much more 

similar to the inhibition constant determined for MCR in methanogens.  This is most 

likely due to the mechanism of inhibition for BES and BPS in 2-KPCC.  Both inhibitors 

are suicide substrates for 2-KPCC and inhibit the enzyme by irreversibly alkylating the 

interchange thiol, Cys82.  The structure of the alkylated thiol most likely closely 

resembles the mixed disulfide intermediate formed between the thiol of CoM and the 

interchange thiol during catalysis.  Due to this mechanism (Figure 4-5), with bromine 

serving as the leaving group, BPS is a better CoM analog after modifying Cys82.  As 
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CoM is oriented in the active site of 2-KPCC by interaction of the sulfonate group with 

two arginine residues, it is reasonable to assume that the orientation of BPS in the active 

site, being one alkyl group longer than  

                   

 

 

 
Figure 4-5.  Comparison of the mixed disulfide formed in 2-KPCC during catalysis 
between the interchange thiol and the thiol of CoM and 2-KPCC that had been alkylated 
by BES or BPS at Cys82.  A, Mixed disulfide intermediate formed between Cys82 and 
CoM; B, alkylation of Cys82 by BES; C, alkylation of Cys82 by BPS. 
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BES, puts the inhibitor in a conceivably better orientation for nucleophilic attack by the 

thiol of Cys82.  This hypothesis is also supported by the observation that no inhibition 

was seen with other brominated compounds lacking a sulfonate group. 

 Further studies will investigate the time dependent irreversible inactivation of 2-

KPCC by BPS.  It is also planned to look at the inhibition R-HPCDH by BPS.   Inhibition 

in R-HPCDH is presumed to be completely reversible, in a similar fashion as inhibition 

by BES, and the inhibition constant for this enzyme by BPS is proposed to be similar as 

that obtained using BES. 
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CHAPTER 5 

CONCLUSIONS  AND FUTURE DIRECTIONS 
 

 Aliphatic alkenes and epoxides have been shown to have detrimental effects on 

biological organisms. However, there are some bacteria that have been shown to not only 

detoxify these compounds, but productively metabolize them as well.  Xanthobacter 

autotrophicus and Rhodococcus rhodochrous, utilize a distinct pathway for epoxide 

metabolism that necessitates the use of the atypical cofactor Coenzyme M (CoM) (1-4, 

8), contains one of only two known pairs of short chain dehydrogenases that catalyze the 

same reaction but with opposite stereospecificity, and concludes with an innovative 

strategy of substrate carboxylation. 

The chapters in this dissertation have provided an in-depth look the terminal 

enzyme in the epoxide metabolism pathway, a carboxylase and the CoM regenerating 

enzyme of the pathway, and specifically at the features that make NADPH:2-ketopropyl 

CoM oxidoreducutase/carboxylase (2-KPCC) unique as a member of the disulfide 

oxidoreductase (DSOR) family of enzymes.  Previous hypotheses of enolate stabilization 

by an ordered water molecule, based on the initial studies of 2-KPCC and refined crystal 

structures, have now been confirmed by the analysis of two histidine mutants.  The effect 

of the unique hydrophobic architecture of the 2-KPCC active site on the pKa of the 

interchange thiol has been investigated, and the determination of the pKa of Cys87 is 

shown to be significantly higher than its DSOR counterparts. The molecules 2-

bromoethanesulfonate (BES) and 3-bromopropanesulfonate (BPS) have been investigated 

not only as inhibitors of 2-KPCC, but also as modifying agents of 2-KPCC.  This 

provides additional insight into the active site of this novel enzyme.  Detailed 
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investigation of these features, have provided a comprehensive picture of how 2-KPCC is 

capable of catalyzing the cleavage of a thioether bond and subsequent carboxylation, by a 

previously unprecedented mechanism.   

The characterization of BPS as an inhibitor of the epoxide carboxylation pathway 

has not been fully investigated.  Similar to BES, preliminary studies have indicated that 

BPS is a time-dependent inactivator of 2-KPCC in addition to being a competitive 

inhibitor.  In contrast to the four hours required for BES to completely inactivate 2-

KPCC, it appears that inactivation by BPS requires only about thirty minutes.  These 

observations further emphasize the increased potency of BPS as an inhibitor and indicate 

that BPS may serve as a better environmental probe than BES to discover and identify 

methanogens, alkene oxidizing bacteria and other potential CoM dependent organisms.   

Recent crystal structure data for 2-KPCC have identified other structural features 

that would be worth further investigation.  One of the main structural differences between 

2-KPCC and typical DSOR enzymes is the presence of a thirteen amino acid insertion 

flanked by two proline residues that allow tight looping of the region (5).  2-KPCC also 

has notable differences at both the N- and C-termini of the protein, and together these 

three additional regions occupy what would be the large substrate binding cleft in other 

members of the DSOR family.  This loop not only serves to prevent solvent access to the 

active site but also aids in formation of the small hydrophobic channel that allows CO2 

access to the active site.  It would be interesting to try to make a 2-KPCC loop deletion 

mutant and to observe the changes in activity and differential product formation as a 

result. 
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Besides the presence of the histidine residues comprising the catalytic triad, one 

of the main active site differences between 2-KPCC and other DSOR enzyme active sites 

is the substitution of a phenylalanine residue for a conserved histidine residue.  This 

difference is proposed to be a reflection of the different reactions catalyzed by 2-KPCC 

and functions to maintain the general hydrophobicity of the active site and eliminate 

protons. It is the presence of this residue that is thought to be a major contributor to the 

basic shift of the pKa of the Cys87.  The generation of a F501H 2-KPCC mutant would 

have provided interesting insight into the unique active site of 2-KPCC.  Unfortunately 

many attempts at the creation of this mutant have proven unsuccessful. 

There is also a proposed alternate anion binding site composed of Gln509 and 

His506 that is proposed to function to stabilize the negative charge on acetoacetate 

formed during catalysis (6, 7).  This site may also aid in acetoacetate binding in the active 

site during the redox independent catalyzed acetoacetate decarboxylation reaction.  

Again, site directed mutagenesis of these two residues could provide more information on 

the role of this potential alternate anion binding site. 

Although there are still some questions to be answered, many of the details of 2-

KPCC have been elucidated.  The basis for 2-KPCC cleavage of a thioether bond and 

preferential carboxylation of the substrate, highlights the mechanistic versatility of DSOR 

enzymes and contributes to furthering the understanding of fundamental mechanisms that 

impart bacteria with the ability to detoxify and exploit potentially toxic compounds for 

productive metabolism. 
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