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Abstract. 

In  recent  years  researchers  have  focused  attention  on  a  particular  class  of 

solvents called room temperature ionic liquids (IL) as they display unique advantages 

for  biocatalysis.  Deep  eutectic  solvents  (DESs)  are  novel  media  related  to  IL with 

similar properties compared to those but with additional advantages regarding to cost an 

environmental impact.  In the present study we evaluate the behaviour of an epoxide 

hydrolase  in  different  DESs.  The  used  enzyme  in the  present  work is  the  Solanum 

tuberosum epoxide  hydrolase  (StEH1)  an  enzyme  with  promising  prospects  in 

biocatalysis as performs with high efficiency the asymmetric hydrolysis of a wide range 

of  aromatic  epoxides.  Herein  we  report  how the  presence  of  DESs  in  the  reaction 

medium affects to the enzyme, the reaction, and the product formation focusing on how 

the properties of these solvents could be exploited therefore.
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Introduction.

Ionic Liquids (IL) have been widely investigated as useful solvents in catalysis, 

several reviews concerning enzyme catalysis  have been published so far (Seongsong 

and Kazlauskas , 2003; Sheldon et  al 2002; Kragl et al 2002). Usually presented as 

alternatives to organic solvents, IL have shown better enzyme stability, substrate and/or 

product selectivity and suppression of side reactions compared to those. (Chiappe et al, 

2004). Concerning to enzymatic hydrolysis performed by epoxide hydrolases in IL, not 

only similar activity compared to buffer was found, but also higher solubility of the 

aromatic  epoxides  (Chiappe  et  al,  2004).  Although  IL  are  promising  media  for 

biocatalytic  reactions  there  are  some  important  limitations:  Cost  is  much  higher 

compared  to  common  organic  solvents  and  the  toxicity  similar  (Cho  et  al,  2008). 

Another disadvantage is the high level of purity needed as the physical properties are 

highly affected even at trace levels of impurity.

Deep Eutectic Solvents (DESs) consist of a mixture of an ammonium salt and an 

hydrogen  bond donor. The melting point of the mixture goes below room temperature 

resulting in a viscose liquid (Abbot et al, 2007). Like IL, DESs have high stability, low 

volatility,  but unlike them DESs are quite cheap and completely biodegradable.  The 

greatest advantage in using DESs as an alternative to IL is that they represent a cheaper 

and greener alternative compared to IL with similar physical properties. Sometimes they 

are considered as a subgroup of IL but  it  is  important  to notice that  the interaction 

between molecules is not ionic but hydrogen bond.

As mentioned above there are a lot of articles and some reviews about enzymatic 

reactions performed in IL, on the contrary very few articles about DESs are available, 

and to date only one  referred to enzymes in these media (Gorke et al 2008).

 

Epoxide  hydrolases  are  ubiquitous  enzymes.  This  fact  together  with  the 

independence  from  cofactors  in  combination  with,  in  some  cases,  high  catalytic 

efficiencies and entantioselectivities has created an interest in using epoxide hydrolases 



as biocatalysts in bioorganic chemistry. The enzyme StEH1 used in the present work 

catalyses  the  hydrolysis  of  styrene  oxide  (SO)  and  derivatives  thereof  into  the 

corresponding vicinal diols. This aromatic diols are important molecules as chiral and 

prochiral  precursors  in  asymmetric  synthesis.  Noteworthy  in  the  production  of  fine 

chemicals and building blocks. In this sense two published results should be marked. 

Widersten group reports a extremely high regioespecificity in the hydrolysis  of S,S-

methylstyreneoxide (S,S-MeSO) (Lindberg et al 2008). What basically means that only 

one of the possible products is formed in the hydrolysis yielding the enantiomerically 

pure  R,S-diol.  Especially  interesting  is  the  behaviour  shown  with  racemic-SO 

derivatives mixtures (Monterde et al, 2004). With this substrates the enzyme shows a 

marked tendency to operate a so-called enantioconvergent process, thus affording the 

corresponding R-diol in nearly quantitative yield and good to excellent ee. This means 

that  starting  from a  racemic  mixture  of  the  epoxide  (obtained  in  a  non-asymmetric 

reaction)  a  single  diol  enantiomer  is  formed  due  to  complementary  regioselectivity 

(Scheme 1)

Scheme 1. Enantioconvergent biohydrolysis of rac-3 due to complementary 

regioselectivity (Monterde et al, 2004).

The S,S-MeSO was the chosen substrate for the present study due to the high 

regioselectivity and regiospecificity displayed by the enzyme. Furthermore  the enzyme 

is particularly active with this substrate, in fact kcat value is the highest recorded to date 

with StEH1 in phosphate buffer (Lindberg et al, 2008)

Aim



The aim of this  work is to investigate how the presence of DESs affects the 

hydrolysis of S,S-MeSO catalayzed by StEH1 compared to buffer from a biocatalytic 

point  of  view.  Activity,  steady-state  kinetics,  stability,  regiospecificity,  substrate 

solubility  and enzyme  tolerance  were considered  the basic  parameters  to  be studied 

therefore  for  this  approach.  The  comparison  of  the  different  parameters  led  to  the 

determination of  preliminar advantages and limitations of using DESs.

Methods 

 Protein production and purification.

 Transformed  E.coli  XL1-Blue  with  plasmid  pGTacStEH1-5H (Elfström and 

Widersten,  2005) were cultured  in  1mL 2TY [1% (w/v) tryptone,  1.6% (w/v) yeast 

extract and 0.5% (w/v) NaCl] fortified with 100μg·mL −1  ampicillin and maintained on 

exponential  growth phase when 350μL  thereof were transferred to 35mL 2TY with 

100μg·mL −1 . This culture of transformed cells grown at 30ºC overnight was used to 

inoculate  1.5  litres  of 2TY medium containing  50μg·mL −1  ampicillin  divided in  6 

erlenmeyers.  The  resulting  culture  was  grown at  30ºC until  reaching  a  cell  density 

corresponding to an A 600  of  0.3, when 1mM isopropyl-β-D-thiogalactopyranoside was 

added. Incubation was continued for 17-20 h. Cells were collected by centrifugation at 

5000g for 15 min and subsequently resuspended in buffer A [10Mm sodium phosphate 

(pH 7.0) and 0.02% (w/v) sodium azide] with added protease inhibitor (Complete Mini 

EDTA –free). The resuspended cells were frozen and kept at -80ºC until purification of 

expressed  protein.  Bacterial  lysate  was  prepared  by  ultrasonication  of  thawed  cell 

suspension using a Vibra Cell Sonifier cooling at 0ºC. Insoluble debris were sedimented 

by centrifugation at 30000g.

By gel filtration chromatography on a Sephadex G25 column equilibrated with 

buffer  B (20mM imidazole,  0,5M NaCl,  10mM sodium phosphate,  pH 7.0) the salt 

composition of the lysate was adjusted. The pool was added to a chelating Sepharose 

fast flow column preloaded with Ni(II) ions. Increasing concentrations of imidazole in 

buffer B washed off weakly adsorbed proteins. Tightly bound proteins were eluted with 



300mM imidazole in the same buffer and the protein-containing fractions were pooled 

and concentrated to 2mL by ultrafiltration. The concentrate was loaded on to HiPrep 

Sephacryl  S-200 (16/60) column and fractions collected overnight. The purity of the 

StEH1 was determined by SDS/PAGE stained with Coomassie Brilliant Blue R-250 and 

enzyme  concentration  by  the  UV  absorbance  at  280nm  using  a  molar  absorbance 

coefficient (ε) of 59030 M −1 ·cm −1

 DESs solutions.

Four  commercial  available  DESs:  Ethaline  (ET),  Glyceline  (GLY),  Reline 

(REL) and Maline (MAL), Table 1. were going to be tested initially but MAL had to be 

disqualified due to technical limitations. So, three DESs at different concentrations have 

been tested and compared to the ordinary used phosphate buffer (sodium phosphate 0.1 

M, pH=7.5). In all the cases the DESs had to be used as cosolvents due to the fact that 

the enzyme needs water to perform the hydrolysis.

Table 1.   DESs composition

Commercial name Ammonium salt Hydrogen-bond donor Proportion

Ethaline Choline chloride Glycol 1:2
Glyceline Choline chloride Glycerol 1:2
Reline Choline chloride Urea 1:2
Maline Choline chloride Maleate 1:2

Serial 60%, 40%, 20% DESs stock solutions were prepared for GLY, ET, REL 

and MAL as follows: Each 100% DESs solution was measured volumetrically for 60% 

final concentration and the corresponding volume of buffer (sodium phosphate 0.1 M, 

pH 7.5) added. The mixture was shacked vigorously. The pH was readjusted to 7.5 just 

before reaching final volume. The resulting solutions were used subsequently for the 

next dilutions following the same protocol.

 Activity Measurements.



The  activity  during  the  steady  state  was  measured  spectrophotometrically  at 

30ºC. Serial dilutions of  S,S-MeSO in acetonitrile were prepared and added to reaction 

mixtures at  a final  concentration of 1% (v/v) acetonitrile  in 1mL final volume.  The 

hydrolysis was assayed by following a decrease in absorbance at 225nm (∆ε = 4.30 mM
−1 ·cm −1 ).  The  molar  absorbance  coefficient  variation  (∆ε)  was  determined  by 

correlating  the  absorbance  of  the  substrate  at  225nm  and  the  absorbance  once  the 

reaction was completed to the concentration. The value was found to be constant for the 

different concentrations and DESs.

 Stability assay.

The stability of the StEH1 in DESs was investigated. The variable considered 

was the percentage of activity retained after  time. The activity was measured in the 

same  concentration  of  DES in  which  the  enzyme  was  incubated.  Firstly  the  initial 

activity (A0 when t=0) was measured and used as reference to compare the subsequent 

measurements after time. 4 μM StEH1 solutions in phosphate buffer, GLY, ET and REL 

at different concentrations were prepared and incubated at 30ºC. To the corresponding 

DESs solution containing 300μM of S,S-MeSO, 10μL of the incubated enzyme were 

added and activity measured espectrophotometrically at 225nm. 

 Kinetic studies. Substrate saturation curves.

Initial  rates were recorded during steady state in the presence of  S,S-MeSO 

(0,04 – 0,4mM) spectrophotometrically using the DESs solutions as media. The studied 

concentration  for  each  DES  were  20%,  40% and  60%.  Pure  buffer  was  measured 

aswell. REL60% could not be recorded due to the high absorbance of the solvent and 

the  low  activity  shown.  The  activity  data  was  normalized  for  0.02  μM  enzyme 

concentration and given as ∆mM/seg.  Kinetic parameters  kcat and  Km  were extracted 

fitting the Michaelis-Menten equation by nonlinear regression to the experimental data 

using the program MMFIT in the SIMFIT package (url:http://www.simfit.man.ac.uk). 

The specificity constants, kcat / Km, were calculated from the values given.



 HPLC Determination of reaction rate after time and substrate tolerance.

The  analysis  was  performed  using  a  C18  column  and  a  mixture  fo 

isopropanol/hexane (95/5) as eluent. The assayed concentrations were 14.7 and 29mM 

S,S-MeSO with 0.22 μM StEH1,  and 116,  261 and 522mM S,S-MeSO with 5 μM 

enzyme.  The  reactions  were  placed  in  vials  and  incubated  at  30ºC.  The  vials  were 

measured before the enzyme addition and afterwards at different times until the reaction 

was finished.

The  autohydrolisis  of  the  substrate  was  checked  and  can  be  considered 

negliglible for both GLY40% and phosphate buffer after 24h at 30ºC.

 Determination of solubility.

The solubility of MeSO in GLY40% and pure water was studied as follows: 7μL 

of  S,S-MeSO were  added  to  50μL of   both  solvents.  The  quantity  was  enough  to 

saturate the solutions. The vials were kept at 30ºC for nearly 30min and the mixture 

centrifuged to separate the layers. 10μL of the aqueous layers were dissolved in 990 μL 

of pure water.  The oily drops on the tip  surface were carefully  removed before the 

addition.   The  absorbances  at  225nm  were  measured  and  corrected  with  the 

corresponding blanks.

Results and discussion.

We decided to start the investigation using these solvents since they were used 

with good results with CAL-B by Kazlauskas’ group (Gorke et al 2008). As there is not 

extensive information about DES in biocatalysis,   it is to early to be able to correlate 

with accuracy the results with the physico-chemical properties of these new reaction 



media. Activity was found in the three tested DESs but not all of them seem suitable for 

biocatalysis.  All the three DESs used in the present work are composed by the same 

ammonium salt, choline, therefore the differences observed between them can be only 

adressed  to  the  interaction  with  the  hydrogen  bond  donor  in  each  case.  The  first 

difference easily noticeable is the high viscosity. These property may be of  primary 

importance  in  enzyme-catalyzed  reactions.  This  might  be  a  mass-transfer  limiting 

parameter that in principle, could reduce enzyme activity.

Firstly  the  activity  in  different  DESs  dissolved  at  varying  concentrations  in 

phosphate buffer were tested. The addition of DESs to buffer is not trivial, in most of 

the cases the pH changed and had to be readjusted as cited previously in the methods. 

The aim of this experiment was firstly to check that the enzyme keeps significant levels 

of activity in the solvents and compare these with pure buffer (Figure 1).

Figure  1.  The  change  in  the  catalytic  activity  of  StEH1 with  (S,S)-2-MeSO,  using 

increasing amount of the three DESs (in %, compared to reaction in phospate buffer): 

Glyceline (), Ethaline (), Reline (). 

The activity  goes down as the concentration of water  does and the viscosity 

increases. A behaviour we could expect from an enzyme that needs water to perform the 

reaction,  but  should  be  noticed  that  an  activity  of  0,6%  was  found  in  GLY80% 



compared to buffer. At this conditions the viscosity is quite high and the amount of 

water available for the enzyme limited. Despite of that, activity was found.

The stability of the three pure DESs is different at room temperature. GLY is 

perfectly stable, ET slowly forms crystal needles after some time, and REL becomes a 

white solid formed by overlapped  spherical systems in few days. In all the cases the 

liquid state is recovered by heating. Interestingly the same order for the stability of the 

pure system is found at tested concentration in activity. Although this could be a chance 

result further research on other DESs might shed some light on how physicochemical 

parameters related to stability of those affect the interactions between these solvents and 

enzymes.  REL,  in  which  the  hydrogen  bond donor  is  urea,  makes  a  big  difference 

compared  to  the other  two DESs.  ET and GLY are comparable  in  composition  but 

clearly the activity is quite higher in the latter. The enzyme is 1.6 and 2.45 fold more 

active in GLY40% and GLY60% than ET at the same concentrations. This difference in 

activity can be only addressed to the extra hydroxymethyl  group present in glycerol 

compared to the glycol. 

It is also important to remark the activity found in REL. Though is the lowest in 

all tested DESs concentrations we should consider that an enzymatic reaction is taking 

place in solutions with high concentrations of urea with significant activity. Initially we 

hypothesized about the structure of the REL in water considering that, in water solution, 

it could not be just a mixture of urea and choline chloride with independent solvents like 

if  we  dissolve  them  separately.  We  assumed  that  somehow  the  hydrogen-bonds 

established in the eutectic mixture were kept when REL was dissolved in water. But 

when the stability experiments were made, we realized that maybe the activity found it 

is  only  due  to  a  slow kinetic  of  denaturation,  which  slowness  could  be  due  to  an 

equilibrium that limits the concentration of free urea in the medium (Scheme 2). When 

the  StEH1  was  incubated  in  REL40%  the  activity  disappeared  in  approximately  5 

minutes  when  measured  in  REL40%,  but  when  measured  in  phosphate  buffer 

significant  activity  remained  (data  not  shown).  We  concluded  that  the  apparent 

inactivation of the enzyme suffered in REL is reversible when transferred to phosphate 

buffer, this can be identified as a reversible denaturation caused by urea. Even though 

this process seems to be relatively fast, lost of measurements were done for the kinetic 

studies in REL40% with reproducible results.



Scheme 2. Proposed equilibrium for the aqueous solution of REL. The free form of urea 

is the responsible for the enzyme denaturation.

The soluble StEH is a reasonably stable enzyme, its half-life at 60 ºC and pH 7 

being  about  30 min  (Mateo  et  al  2007).  In  this  study we proved not  only that  the 

enzyme is stable in the stated conditions in the ordinary media, phosphate buffer, but 

also that DESs solutions are enzyme-friendly media (Table 2). Strangely we found that 

activity  after  22h is  even  higher  than  the  time  zero  measured  activity.  It  would  be 

interesting to investigate if the enzyme undergoes an adaptation process when diluting 

the aqueous enzyme stock solution in the DESs solutions. Another explanation for this 

unexpected result is the more likely volatilization of the solvent.  The substrate,  S,S-

MeSO, is dissolved in acetonitrile.  This solvent is very volatile what could lead to a 

epoxide  concentration  that  resulted  in  apparent  higher  activity  after  time.  Though 

technical problems can be involved, as the same solution of substrate was used for all 

the measurements, we still can conclude that the enzyme stability in ET and GLY at 

concentrations below 40% and 60% respectively is, at least, as good as in phosphate 

buffer at 30ºC. In REL20% the rapid lost of epoxide hydrolase activity showed in the 

first 22h is followed by a slower trend 

after 47h.

Table 2. Retained epoxide hydrolase activity after incubation of StEH1.
22h 47h 22h 47h 22h 47h

Ethaline 

20%
119% 108%

Glycelin

e 20%
103% 96%

Reline 

20%
43% 32%

Ethaline 

40%
116% 88%

Glycelin

e 40%
105% 91%

Phosphate 

buffer
99% 98%

Ethaline 

60%
n.d. 43%

Glycelin

e 60%
115% 106%



The next step considered was how the DESs and the different concentrations 

could affect the enzymatic reaction (Scheme 3). The presence of this cosolvents within 

the  media  affects  the  physical  properties  and  interactions  between  solvent-enzyme-

substrate and so the kinetic parameters. 

Scheme 3. General pathway of the epoxide hydrolysis performed by StEH1. 

As shown in Table 3. The presence and the increasing concentrations of DESs 

negatively affects the affinity for the substrate, KM increases in all cases. The same trend 

is not followed by the catalytic rate. The relative value of  kcat in GLY40% is slightly 

higher than in GLY20%. At least we can say that it is retained, but a lower affinity leads 

to half the catalytic efficiency. It is worth noting that the kcat value for REL40% is 1.5-

fold the kcat in buffer, but once again the KM value gave a low kcat / KM value. 

kcat

(s-1)

KM

(mM)

kcat/KM

(s × µM)-1

Phosphate buffer 63 ± 3  7.7 E-2 ± 9,5 E-3 8.2 E-1 ± 1,09 E-1

Ethaline

20 %
63 ± 2.4 2,4 E-1 ± 1.8 E-2 2.6 E-1 ± 2.6 E-2

Ethaline

40 %
61 ± 6.1 4.9 E-1 ± 7.8 E-2 1.2 E-1 ± 2.3 E-2

Ethaline

60 %
31 ± 5.8 1.2 ± 2.8 E-1 2.6 E-2 ± 7.6 E-3

Glyceline

20 %
51 ± 2.4 1.2 E-1 ± 1.4 E-2 4.2 E-1 ± 5.1 E-2

Glyceline

40 %
57 ± 4.7 2.5 E-1 ± 3.7 E-2 2.3 E-1 ± 3.8 E-2

Glyceline

60 % 
44 ± 5.1 5.3 E-1 ± 9.4 E-2 8.2 E-2 ± 1.7 E-2

Reline

20 %
65 ± 4.1 3.6 E-1 ± 4.0 E-2 1.8 E-1 ± 2.3 E-2

Reline

40 %
92 ± 14 1.5 ± 2.8 E-1 6.0 E-2 ± 1.4 E-2

Table 2. The resulting kinetic parameters after StEH1 catalysed hydrolysis of (S,S)-2-

MeSO in varying concentrations of the different DESs and phospate buffer. 

To this  point  we decided  to  focus  our  attention  on GLY40.  A new stability 

experiment for GLY40% was carried out to see the stability of the enzyme after longer 

time and following the same protocol as before. The activity retained after 5 days was 



93%, what proves that the enzyme also tolerates a high concentration of GLY40% after 

longer times without significant  loss of activity.  A parallel  experiment  with enzyme 

incubated in  GLY20% and measured in the same solvent, showed lower activity after 

the same time than in GLY40% what makes us suspect that the concentrations around 

50% GLY make the enzyme even more stable. Is not surprising if we consider that the 

glycerol that forms the GLY can be an enzyme stabilizing agent (Gekko et al, 1981).

One of the strongest points for the use of cosolvents is that they enhance the 

solubility  of  lipophilic  substrates.  S,S-MeSO  is  an  epoxide  with  particularly  poor 

solubility in water what generates oil drops in the surface of the reaction medium. The 

formation  of  a  water/organic  two-liquid-phase  system  can  lead  to  aggregation 

phenomena and enzyme inactivation caused by direct contact of the enzyme with the 

interface (Baldascini et al, 2005). The relative solubility of this substrate in GLY40% 

compared to pure water was found to be 4.7 fold higher solubility in favour of the DES 

solution  (aproximately 40mM).   Though it  is  not  a  very high  solubility,  the  higher 

soluble fraction of epoxide allows the enzyme to work closer to kcat  values and virtually 

to achieve faster conversion rates.

The  substrate  tolerance  and reaction  rate  determination  with  HPLC lacked a 

good methodology. An essential step to guarantee the correlation between the signals 

and concentrations, and those between different measurements, is the use of an internal 

standard in the measured samples. Though we correlated the absorbance of both diol 

and epoxide to known concentrations, and then the molar extinction coefficient (ε) were 

determined for both compounds, this procedure was not enough to overcome the lack of 

reproducibility. Two determinations of the molar extinction coefficients (ε) were carried 

out with different concentrations (14mM and 29mM of S,S-MeSO) in wich the enzyme 

(0.5μM) is know to convert all the epoxide in the corresponding diol (Table 3)

Table 3. Molar extinction coefficient (ε) units at  λ=225nm
Concentration used for the determination



14 mM 29 mM
ε (epoxide) 416818 M −1 ·cm −1 178626 M −1 ·cm −1

ε (diol) 129539 M −1 ·cm −1 54168 M −1 ·cm −1

Comparing the ratio ε (epoxide)/  ε (diol), for both determinations, the resulting 

value is 3.2 in both cases what means that the ratio remains constant, but the difference 

between ε values shows the need for an internal standard in the measured vials.

In spite of the fact that we cannot correlate and correct the signals given by the 

HPLC and the concentrations, considering the calculated ratio (3.2) and the collected 

data (Figure 1) still we can report that the StEH1 (0.5μM) can convert 116mM S,S-

MeSO into the corresponding diol in 30min with nearly 100% conversion.

Figure 1.  HPLC signals for the 1-phenyl-1,2-propanediol formed in the hydrolysis of 

S,S-MeSO and the remaining unreacted epoxide. Comparing the areas, corrected with 

the ratio ε (epoxide)/ ε (diol), we can conclude that the concentration of diol is 210-fold 

higher compared to epoxide. 99.5% conversion achieved.

Further studies were done at higher concentrations as mentioned in the methods 

but, due to the absence of an additional parameter to compare different measurements 

together with the fact that the injected sample was too concentrated to be within the 

linearity range of the UV-VIS detector, the data does not provide enough support for 

any further conclusions. Our group is currently trying to overcome this problems in 



order to provide reliable data to compare the reaction rates in GLY40% to phosphate 

buffer and also to determine how much S,S-MeSO can be hydrolyzed by the enzyme. 

The  unpublished  HPLC  measurements  at  higher  concentrations  of  substrate  than 

116mM  (15g/L)  made  us  suspect  that  the  enzyme  might  be  able  to  catalyze  the 

hydrolysis of S,S-MeSO at industrial scale (20g/L).

Herein we have demonstrated that the DESs known as Ethaline and Glyceline 

are enzyme-friendly cosolvents for StEH1.  This eutectic mixtures of choline chloride 

and a polyol have proven not to affect dramatically the enzyme activity when present in 

the  reaction  media  at  concentrations  of  40%  (v/v).  What  is  more,  the  stability  is 

comparable to buffer and the solubility of organic lipophilic substrates enhanced in the 

studied GLY40%. 

Our group is currently investigating the regiospecificity of the reaction in GLY

%, due to the lack of time this assays could not be included in the present work. The 

results we have so far have shown, as expected, that S,S-MeSO is hydrolyzed yielding a 

single enantiomer (R,S-1-phenyl-1,2-propanediol)

Propspecitve conclusions

The  present  work  only  intended  to  show  the  comparative  advantages  and 

limitations of DESs as cosolvents in biocatalysis. Our purpose was to set a starting point 

comparing these new solvents to phosphate buffer, the ordinary media in enzymology 

and  biocatalysis.  Further  studies  have  to  be  done  in  both  fields.  The  study  of  the 

interaction between the eutectic mixture with the enzyme and how the rapid kinetics are 

affected can shed some light for a better understanding of the enzyme behavior.  We 

have used buffer as reference, but it would be interesting to compare to organic solvents 

and IL to be able to guarantee strong support for the use of DESs. Other variables have 

to be studied aswell such as temperature, pH, different substrates etc.

In order to demonstrate the biocatalytic application of the GLY40% an isolation 

method of the product has to be developed. The unreacted epoxide is easily extracted 

with  organic  solvents  or  distillation  but  the  produced  diol  is  highly  soluble  in  the 



medium and conventional methods such as solvent evaporation cannot be used due to 

the lack of vapour pressure in DESs.

The effect of viscosity has not been studied, but as it can affect the reactivity it 

would be interesting to correlate both factors. IL viscosity is particularly affected by 

temperature due to the salt-like structure in liquid state (Jacquemin et al, 2005). As 

the DESs and IL are structurally related if the high viscosity has a marked effect 

on reactivity we could expect a significant change in the reaction rate at higher 

temperatures  than  the  used  for  the  present  study,  30ºC.  Adding  organic 

cosolvents lowers the viscosity aswell in ILs (Park et Kazlauskas, 2003) but this 

cancels  many of  the advantges of  using this  green solvents.  Increasing the 

reaction  temperature  apart  from  avoiding  organic  cosolvents,  also  affects 

positively the enzyme activity.

One of the most important things that remain to be done is to exploit 

more thoroughly the potential of the enzyme in industrial processes.
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