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Overview 
This fileset contains data supporting the publication: Jensen et al “Characterisation of a New 
Family of Carboxyl Esterases with an OsmC domain” (In Submission).    

Data are contained in multiple tabs in Excel spreadsheets and in CSV files.     

 

Curves 
The Powerpoint files contain graphs/kinetic curves from instrument specific software, which 
were used to extract the rates of change in absorbance per minute resulting in the graphs in 
this paper. These have been included to show the progression of the reaction. PDF versions 
of the same curve files have also been included for accessibility.  

 

Methods 
Below are the methods used to generate the kinetic data for the paper, as well as the 
thermal melt assay. For details on crystallographic data from this paper, please see the 
separate data item: http://dx.doi.org/10.7488/ds/1320    

 

Measuring enzymatic activity (figure 2) 
The concentration of purified enzyme was estimated using the protein absorbance at 280 nm 
and the extinction coefficient, calculated by the ProtParam tool available on the Expasy 
website. Hydrolysis of 4-nitrophenyl benzoate was determined according to Winkler and 
Stuckmann and Al Khudary et al. with slight alteration. A substrate emulsion was made by 
mixing 10 ml of ethanol containing 37 mg 4-nitrophenyl benzoate (15 mM) with 90 ml tris-HCl 

buffer (25 mM, pH 8.5) containing 100 mg gum arabic. 100 l enzyme was then combined 

with 900 l of substrate emulsion and the reaction incubated for 30 min at the required 
temperature, it was then stopped by placing on ice for 5 min followed by the addition of 100 

l of 25% Na2CO3. The reactions were centrifuged for 5 min at 13,000 rpm and 4C, their 
absorbance was measured at 410 nm using a SpectraMax Plus384 spectrophotometer and 

http://dx.doi.org/10.7488/ds/1320


SoftMax Pro programme (Molecular Devices, Berkshire, UK) against a control which contained 
buffer (25 mM Tris-HCl, pH 8.5.) rather than enzyme. 
 

Enzyme characterisation (Figure S1, S2) 
To establish the optimum reaction conditions for the esterases, the esterase activity was 
measured at a pH range from 5.0 to 10.0 in universal buffer with 1.5 mM 4-nitrophenyl 
benzoate as substrate with incubation at 30°C for 30 mins and, in another experiment, the 
esterase activity was measured at a temperature range 5-50°C in Tris-HCl buffer (25 mM, pH 
8.5). The activity toward other 4-nitrophenyl esters was measured in the same manner using 
1.5 mM of each substrate. The effect of metal ions on enzyme activity was measured by 

preincubating the enzyme with 10 mM metal chloride at 25C for 2 hours, followed by the 30 

min incubation assay at 30C with 4-nitrophenyl benzoate substrate as previously described. 
Inactivation by (1 mM and 10 mM) EDTA, (0.4 mM and 4 mM) pefabloc, (0.1 mM and 1 mM) 
DTT and by 10% Tween20 was measured by pre-incubating the enzyme with the inactivator 
for 2 hours. The pre-incubation was then used with 4-nitrophenyl benzoate as substrate in the 
30 min incubation assay, in Tris-HCl buffer (25 mM, ph 8.5) with 1 mg/ml gum arabic, as 
described earlier. As a control, the enzyme activity measured similarly but without the 
addition of any inactivator was defined as 100%. 
 

Enzyme kinetics (Table 3) 
Enzyme activity assays of 4-nitrophenyl-esters were carried out in assay buffer (25 mM 
Tris.HCl pH 8.5, 5% Acetonitrile, 0.5% triton-100) and catalysis monitored by measurement of 
4-nitrophenol production at 410 nm using a Spectramax plus 384 spectrophotometer 

(Molecular Devices) in real time ( = 15,000 in assay buffer from standard curves).  10 mM 
stocks of 4-nitrophenyl esters were prepared by dissolving in 1 ml neat acetonitrile followed 
by addition of 9 ml assay buffer.  Further dilutions were made using assay buffer.  Saturation 
curves were fitted using SigmaPlot to obtain kcat and kM values for each substrate tested. 

Enzyme concentrations in reaction varied from 0.1 – 5 M depending on the substrate tested, 
as there was considerable variability in rates of hydrolysis between the different enzymes.
     

Effect of pH on activity (figure 3B) 
The effect of pH on the activity of full-length and truncated R. marinus esterase was 
performed in 25 mM universal buffer (25 mM boric acid, 25 mM phosphoric acid, 25 mM 
acetic acid; pH (5 – 10.5) adjusted to the required point by NaOH) containing 5% acetonitrile 
and 0.5% tritonX-100.  Production of 4-nitrophenol from hydrolysis of 4-nitrophenyl-

octanoate (1 mM) was monitored at 348 nm (Isosbestic point,  = 4,147) over 5 minutes, and 
determining the absorbance at 410 nm per minute from the slopes generated.  

Concentrations of enzyme present were 0.57 M and 0.74 M for full-length and truncated 
respectively.          

Effect of metals and inhibitors (figure 4A and B, S4) 
The effects of various metals and known enzyme inhibitors on esterase activity were studied 
by incubating enzymes with 1 mM and 10 mM DTT, EDTA, Pefabloc, PMSF or metal chloride 
for 1 hour before addition to substrate (1 mM 4-nitrophenyl-octanoate) in assay buffer 
(enzyme concentrations were the same as for pH assay) in 96-well plates. Catalytic activity 
was monitored by absorbance of 4-nitrophenol at 410 nm over 5 minutes as before, and 
determining the absorbance at 410 nm per minute from the slopes generated. Enzyme 

concentrations were 0.57 M (full-length) and 1.0 M (truncated).  

 



Temperature assay (figure 3A) 
To assay the effects of temperature on esterase hydrolysis of 4-nitrophenyl-octanoate, 
substrate and enzymes were pre-incubated at the desired temperature in a water bath for 5 
minutes prior to mixing and further incubation for 5 minutes. The reaction was stopped by 
placing on ice, and absorbance at 410 nm was measured immediately using a quartz cuvette 
(samples containing substrate only were used as a blank in case of background hydrolysis).  

Enzyme concentrations were 0.1 M (full-length) and 0.13 M (truncated).  

  

Thermal shift assay (figure S3) 
The fluorescence-based thermal shift assay was used to determine the melting temperature 

(Tm) of enzymes. It was performed in triplicate in total volumes of 50 l (5 M esterase in 25 

mM Tris.HCl, pH 8, 1:1000 SYPRO orange (Sigma Aldrich) using an iCycler iQTM (Bio-Rad, 

Herfordshire, UK) to monitor changes in fluorescence with increasing temperature (20-100C 

in increments of 0.5C, held for 30 seconds at each point). 

 

File descriptions 
 Fig1.tif 

Multiple sequence alignment of OsmC esterase family proteins. Sequences of the seven OsmC 
esterase family proteins were aligned using ClustalΩ and displayed using ESPript (26). Protein 
sequences are named as described in the results section. Secondary structure elements from 
the crystal structure of ΔEstRM are shown above the alignment. Strictly conserved residues 
are shown with a red background, while partially conserved residues are shown with red text. 
The two GxSxG motifs are identified with black triangles, while the conserved catalytic 
residues are shown with red stars. The esterase domain of the EstRM protein extends 
between the N-terminus and residue 255 , with the OsmC domain from residue 256 to the C-
terminus.  

 Fig2.tif 

Characterisation of OsmC Esterase homologues. (A) Effects of temperature on OsmC esterase 
activities using 4-nitrophenol benzoate (1.5 mM) as substrate. (B) Effect of pH on OsmC 
esterase activities using 4-nitrophenol benzoate (1.5 mM) as substrate. The observed rate 
(kobs)_is defined as μM of 4-NP formed per μmole of enzyme. ΔEstCAL-Blue, ΔEstCA-black, 
ΔEstRD-green, ΔEstO-grey, ΔEstEM-orange, ΔEstRM-red, ΔEstLA-magenta. Results are 
presented as means ± S.D. of triplicate experiments.  

 Fig3.tif 

Effect of temperature and pH on full length and truncated EstRM. (A) Relative activity of ester 
hydrolysis at different temperatures. (B) Relative activity of ester hydrolysis at different pHs. 
Full-length EstRM is shown in black, the truncated esterase (ΔEstRM) in grey. 4-nitrophenyl-
octanoate (1 mM) was used as a substrate to monitor ester hydrolysis. Relative activities 
expressed as percentages of maximal activity were plotted for each temperature and pH point. 
Results are presented as means ± S.D. of triplicate experiments.  

 Fig4.tif 

Relative activity of ester hydrolysis after incubation with known inhibitors and metal salts on 
activity of full length and truncated EstRM. (A) Enzymes were pre-incubated with 1 mM of 



EDTA, DTT, Pefabloc or PMSF for 1 hour before addition to substrate in assay buffer. (B) 
Enzymes were pre-incubated with 1 mM of CuI, CuII, Fe, Ni, Zn, Co, Mg, K, Ca, or Na chloride 
for 1 hour before addition to substrate in assay buffer. Substrate used to monitor activity was 
4-nitrophenyl-octanoate (1 mM). Full-length EstRM is shown in black and truncated enzyme 
(ΔEstRM) in grey. Results were plotted as percentages of activity relative to measured activity 
when no inhibitor or metal salts were present. Results are presented as means ± S.D. of 
triplicate experiments.  

 Fig5.tif 

Crystal structure of ΔEstRM. (A) Cartoon view of ΔEstRM with secondary structure elements 
labelled and putative catalytic residues shown as sticks. The lid region that occludes the active 
site is highlighted in grey. (B) Wall-eyed stereo view of the lid region with representative 
2mFo-DFc electron density map shown as an orange mesh and contoured at 1.5 σ. (C) Dimer 
of ΔEstRM present in the crystal structure. A cartoon view is shown for each chain, with the 
solvent accessible surface of one chain shown in grey.  

 Fig6.tif 

Active site of ΔEstRM. (A) Alignment of ΔEstRM with Lactobacillus johnsonii cinnamoyl 
esterase (PDBID: 3PFC)(20) displayed as a wall-eyed stereo view. ΔEstRM is shown in blue, 
while 3PFC is shown in raspberry. Active site residues are shown as sticks. The lid region of 
ΔEstRM is clearly visible at the top of the view and extends much further across the active site 
than the 3PFC lid. (B) Surface view of the active site of 3PFC, the ferulic acid ligand (shown as 
yellow sticks) is buried within a cleft between the main domain of the protein and the lid 
region. (C) ΔEstRM shown in the same view as (B) with an overlay of the ferulic acid; it is clear 
from this view that the active site is completely occluded by the lid-region, shown as a grey 
surface.  

 S1_fig.pdf 

Relative activity of ester hydrolysis after incubation with known inhibitors and metal salts on 
activity of truncated OsmC esterases. (A) Effects of inhibitors on OsmC esterase activities using 
4-nitrophenol benzanoate (1.5 mM) as substrate. (B) Effects of metal salts on OsmC esterase 
activities using 4-nitrophenol benzanoate (1.5 mM) as substrate. ΔEstCAL-Blue, ΔEstCA-black, 
ΔEstRD-green, ΔEstO-grey, ΔEstEM-orange, ΔEstRM-red, ΔEstLA-magenta. Results were 
plotted as percentages of activity relative to measured activity when no inhibitor or metals 
salts were present. Results are presented as means ± S.D. of triplicate experiments.  

 S2_fig.pdf 

Relative substrate specificities of OsmC esterases. Enzyme assays were performed with 4-NP 
esters of varying chain length (C8-C18) and an aromatic ester (benzoate) as substrates (1.5 
mM). ΔEstCAL-Blue, ΔEstCA-black, ΔEstRD-green, ΔEstO-grey, ΔEstEM-orange, ΔEstRM-red, 
ΔEstLAmagenta. Results were plotted as percentages of activity relative to substrate with 
highest measured activity of individual esterases. Results are presented as means ± S.D. of 
triplicate experiments.  

 S3_fig.pdf 

Thermal stability of full length and ΔEstRM proteins. Thermal melting profiles for (A) full 
length and (B) ΔEstRM proteins. Unfolding of esterases was monitored between 20 and 100°C 
using SYPRO Orange fluorescent dye. The gradients of esterase unfolding were plotted as a 
function of temperature. Results are presented as means of triplicate experiments.  



 S4_fig.pdf 

Relative activity of ester hydrolysis after incubation with 10 mM known inhibitors and metal 
salts on activity of full length and truncated EstRM. (A) Enzymes were pre-incubated with 10 
mM of EDTA, DTT, Pefabloc or PMSF for 1 hour before addition to substrate in assay buffer. 
(B) Enzymes were pre-incubated with 10 mM of CuI, CuII, Fe, Ni, Zn, Co, Mg, K, Ca, or Na for 1 
hour before addition to substrate in assay buffer. Substrate used to monitor activity was 4-
nitrophenyl-octanoate (1 mM). Full-length EstRM enzyme is shown in black and truncated 
EstRM (ΔEstRM) in grey. Results are presented as means ± S.D. of triplicate experiments.  

 S5_fig.pdf 

Wall-eyed stereo view of the intramolecular disulphide present in the ΔEstRM crystal 
structure. The protein backbone is shown as a cartoon view with the cysteine residues shown 
as sticks. The 2mFo-DFc electron density for this region is shown as an orange mesh at 1.5 σ. 
It is clear from the electron density that this disulphide is only partially occupied in this 
structure as multiple conformations of the sulphur atom are visible.  

 S6_fig.pdf 

S200 size-exclusion gel-filtration chromatography of EstRM and ΔEstRM. Relative absorbance 
at 280nm is plotted against elution volume for both the full length EstRM and the ΔEstRM 
truncation. The major peaks at 76 ml (EstRM) and 82 ml (ΔEstRM) are consistent with the 
monomer size, while the minor peaks at 68 (EstRM) and 72 ml (ΔEstRM) represent a minor 
polulation of dimeric protein. The full-length EstRM trace shows a proportion of the protein 
aggregating into higher-order oligomers.  

 “Dataset for figure S3.xlsx” 

Dataset for figure S3. Columns in pink are values for the truncated deltaRM, while columns in 
yellow are for full length enzyme. 

 


