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The unique properties that enzymes exhibit could be used as a powerful tool if applied in 
synthetic organic chemistry, where engineered enzymes could be utilised as biocatalysts to 
facilitate  complicated  syntheses  of  highly  pure  regio-  and  stereospecific  chemicals.  The 
approach lowers the hazard of reaction handling and enables “greener” lines of production. 
Epoxide hydrolases catalyze the hydrolysis of epoxides to vicinal diols, exhibit high catalytic 
efficiency, enantioselectivity, and are independent of cofactors. This makes them suitable as 
biocatalysts.  In  this  project,  directed  evolution  was  performed  on  Solanum  tuberosum 
epoxide  hydrolase  1  (StEH1)  using  combinatorial  active  site  saturation  test  (CASTing). 
Random mutations were introduced at two defined positions, Ile180 and Phe189, with the 
creation of a relatively small and focused library. The purpose was to create StEH1 mutant 
variants  which  catalyze  the  hydrolysis  of  (2,3-epoxypropyl)-benzene  more  efficiently 
compared to the wild-type enzyme. This epoxide substrate is often used as precursor for 
synthesis  of  fine  chemicals  or  pharmaceuticals.  Several  potential  hits  of  StEH1  mutant 
variants were detected by semi-quantitative screening. The percentage of potential hits per 
number of screened transformants was estimated to  25 %. To find out the real  catalytic 
efficiency  of  the  mutant  variants,  kinetic  parameters  needs  to  be  measured.  The  most 
important conclusion that can be drawn from this project, based mainly on the results from 
the colorimetric screening assay, is that Ile180 and Phe189 are likely to play a role in the 
StEH1-catalysed hydrolysis of (2,3-epoxypropyl)-benzene. 
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1. Introduction

Enzymes are generally very specific towards substrates,  and it  is  common that only a 
specific isomer of a chiral molecule will have the right structure to be catalyzed efficiently 
by the enzyme. Engineered enzymes could be a powerful tool if utilised as biocatalysts to 
facilitate  complicated  syntheses,  such  as  production  of  highly  pure  regio-  and 
stereospecific chemicals. The usage of enzymes as biocatalysts enable reactions to be run 
in aqueous solvents and at  moderate temperatures, which lower the hazard of reaction 
handling and enable “greener” chemical processes. Several methods have been developed 
to engineer biocatalysts more efficient and specific toward the substrate it will be acting 
upon.  

1.1. This Project
Directed  evolution  was  performed on  Solanum tuberosum epoxide  hydrolase  1,  using 
combinatorial active site saturation test (CASTing) [2]. The purpose was to engineer StEH1 
mutant variants which catalyze the hydrolysis of the epoxide (2,3-epoxypropyl)-benzene 
to vicinal diols more efficiently than the wild-type enzyme. The epoxide substrate is often 
used  as  a  precursor  for  synthesis  of  fine  chemicals  or  pharmaceuticals,  which  often 
requires complicated multi step synthesis. The long-term goal is to create StEH1 mutant 
variants that can be used as efficient biocatalysts.   

1.1.1. Library construction and expression
A focused library of StEH1 mutant variants was constructed by randomization of Ile180 
and Phe189 (located in the lid domain) using NDT codon degeneracy and amplification by 
polymerase chain reaction. The NDT codon (N = adenine/thymine/cytosine/guanine; D = 
adenine/guanine/thymine) creates a possibility for any of twelve amino acids at each site 
of randomization (Phe, Leu, Ile, Val, Tyr, His, Asn, Asp, Cys, Arg, Ser, Gly), which in 
turn, if two specific amino acids are randomized simultaneously, creates a possibility of 
144 different StEH1 mutant variants. 

1.1.2. Screening and sequencing
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A semi-quantitative screening assay optimized from the colorimetric assay described by 
Cedrone et al. 2005 was applied to identify promising StEH1 mutant variants. The cDNAs 
of the ten most promising hits were sent for sequencing to identify the exact mutations. To 
ensure total coverage of the whole library of 144 possible mutant variants, approximately 
a fourfold excess of transformants were screened. 

1.2. Directed Evolution
The  usage  of  engineered  enzymes  as  biocatalysts  in  synthetic  organic  chemistry  has 
become a powerful approach to asymmetric catalysis where only a specific enantiomer of 
a  chiral  molecule  is  desirable  [2],  or  when catalytic  properties  such as  thermostability, 
tolerance towards organic solvents and pH, enantioselectivity, and substrate acceptance 
are desired to be affected in a profitable way [1]. Traditional evolution strategies such as 
error-prone  polymerase  chain  reaction  (epPCR),  saturation  mutagenesis,  and  DNA 
shuffling  are  often  time-consuming  methods  and  generally  require  screening  of  large 
libraries. Random mutagenesis such as epPCR often introduces random mutations that 
cover the whole gene and has severe disadvantages such as inserts of unwanted codons [1]. 
More  recently,  generation  of  focused  libraries  where  amino  acids  are  randomized  at 
defined positions around the binding pocket has started to be explored [2].

1.2.1 Combinatorial active site saturation test (CASTing)
CASTing [2] is an iterative saturation mutagenesis method that makes it possible, based on 
crystal structure data or homology models of the enzyme, to identify and simultaneously 
randomize  two  or  more  amino  acids  at  defined  positions  around  the  binding  pocket. 
Different screening methods can be applied to identify potential hits of mutant variants. If 
desirable,  the  cDNAs  of  the  best  hits  are  used  as  templates  for  a  second  round  of 
CASTing, and so on. An advantage with CASTing is the creation of relatively small and 
focused  libraries,  which  reduces  the  screening  efforts  considerably.  Mutations  are 
introduced  by  codon  degeneracy,  where  NDT  codon  degeneracy  is  one  of  several 
possibilities, which is the one used in this project. The choice of NDT codon degeneracy 
at two specific sites within an enzyme creates a library of 144 possible mutant variants. To 
ensure  95%  coverage  of  the  whole  library,  approximately  a  threefold  excess  of 
transformants needs to be screened. [2,4] 

1.3. Epoxide hydrolases
Epoxide  hydrolases  (EC  3.3.2.10)  make  up  a  group  of  widespread  enzymes,  which 
catalyze the hydrolysis of epoxides to vicinal diols  [5], see Figure 1. Epoxides are cyclic 
ethers with a highly strained three-membered ring structure, which can be carcinogenic 
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and very toxic to living organisms as they are strongly electrophilic and can react with 
biological components such as DNA [7]. Most epoxide hydrolases belongs to the family of 
α/β-hydrolase  fold  enzymes,  where  the  α/β  fold  consists  of  two  distinct  regions;  the 
central eight-stranded β-sheet flanked by α-helices, and the helical lid domain over the 
core shaping the active site [6]. The epoxide hydrolases are thought to function as a part of 
general  defense  and  detoxification  systems,  where  they  take  part  in  hydrolysis  of 
endogenous and exogenous toxic epoxides. They also function as regulators of cellular 
signaling  pathways  by  hydrolysis  of  epoxide-containing  substances  such  as  bioactive 
lipids.  Epoxide  hydrolases  are  independent  of  cofactors  and  exhibit  high  catalytic 
efficiency and enantioselectivity, which make them suitable as biocatalysts [3,5,7].

Figure 1. Chemical reaction of StEH1-catalyzed hydrolysis of (2,3-epoxypropyl)-benzene.
1.3.1. Solanum tuberosum epoxide hydrolase 1 (StEH1)
Potato plant (Solanum tuberosum) expresses four similar EH enzymes,  where the first 
reported enzyme was named StEH1, see Figure 2. StEH1 constitutes of a monomer  [6] 

made up  of  323 amino acid  residues,  and  exhibits  high  catalytic  activity  with  trans-
stilbene  substituted  aromatic  epoxides  [7].  The  structure  of  StEH1 has  been  solved  by 
molecular replacement and refined at 1.95 Å [6]. The fold consists of, as many other EH-
relative species, two distinct regions, one α/β domain (residues ~1-140 and ~238-321) and 
one helical lid domain (residues ~141-237) [6].

Figure 2. Structure of Solanum tuberosum epoxide hydrolase 1 (StEH1). The central eight-stranded β-sheet 
flanked by α-helices (residues ~1-140 and 238-321) is colored  red, and the helical lid domain (residues 
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~141-237) is  colored  green.  The active site  residues,  Tyr154,  Tyr235,  Asp105, Asp265 and His300 are 
located in the central domain, and the target residues mutated in this project, Ile180 and Phe189 (colored 
orange) are located in the lid domain.  

1.3.2 Active site and catalytic properties of StEH1
Three residues of the α/β domain, Asp105, Asp265, His300, are acting as a catalytic triad, 
while two tyrosines in the lid domain, Tyr154 and Tyr235, are essential for stabilizing the 
ring opening step [6]. The first step occurring in the mechanism is formation of a Michaelis 
complex,  followed by nucleophilic  attack  of  the  oxirane  ring  by Asp105,  to  form an 
alkylenzyme intermediate [3]. The two lid-tyrosines are expected to assist the epoxide ring 
opening by stabilizing the oxyanion formed during the previous step, by hydrogen bond 
donation via  the phenolic  hydroxyls  [5].  The alkylenzyme intermediate  is  subsequently 
hydrolyzed  by  attack  of  a  His300/Asp265-activated  water  molecule  [3,6].  Glu35  is 
positioned adjacent to His300 that participates in the hydrogen bonding interactions with 
the  catalytic  water  in  the  last  step.  This  could be essential  for  the hydrogen bonding 
network between His300 and the solvent water [5].

1.3.3. Effects of NDT codon degeneracy of Ile180 and Phe 189
Amino  acids  vary  considerably  in  their  physiochemical  properties  such  as  polarity, 
basicity,  aromaticity,  bulk,  conformational  flexibility,  hydrogen  bonding  ability,  and 
chemical reactivity [9].  Amino acids participating in catalysis are often charged and have 
side chain residues with hydrogen bond capability (e.g.  Lys, His, Asp, Glu, Tyr), which 
gives them capacity to participate in acid-base pair interactions and stabilizing transition 
state intermediates. There are a huge number of possible effects that could arise when 
mutating amino acids in enzymes, and the fully impacts on the catalytic properties are 
complicated to predict. Desirable properties of biocatalysts must be engineered toward the 
area of use. 

The  substrate  used  in  this  project,  (2,3-epoxypropyl)-benzene  is  made  up  of  an 
aromatic polar group and an epoxide group, linked together by a propyl carbon chain. But 
it is not yet fully known how the substrate docks in the active site of StEH1. The two 
target amino acids mutated in this project,  Ile180 and Phe189 (see Figure 3) are both 
classified  as  non-polar,  where  isoleucine  has  an aliphatic  hydrocarbon side  chain  and 
phenylalanine has a bulky aromatic side chain. They are both positioned in the lid domain 
of StEH1 (Phe189 is positioned in a loop) and they are closely located to the catalytic 
residues, approximately on a distance of ~10-12 Å. Mutating Ile180 and Phe189 therefore 
ought to have some impact on the catalytic efficiency of StEH1.
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Figure 3.  Active site residues of wild-type StEH1 zoomed into the active site; Tyr235, Tyr154, Asp105, 
His300 and Asp 265 are colored white, and the target residues Ile180 and Phe189 are colored orange. 

2. Materials and methods

2.1. Cloning and library construction
NDT codon degeneracy was introduced to the cDNA encoding for wild-type StEH1 at two 
defined  positions,  Ile180  and  Phe189.  pGTacPEH  was  used  as  template,  PEH-57  as 
forward primer and PucRev as reverse primer (see Table 1 for primer information), and 
PCR amplification at following conditions; 5 min 95°C (30s 95°C, 45s 55°C annealing, 
90s 72°C) × 35 cycles, 7 min 72°C, 25°C ∞. The best PCR amplified cDNA were pooled 
and concentrated by ethanol precipitation according to standard protocols, then run on a 1 
%  agarose  gel  (1xTAE  Buffer,  0.001%  Ethidium  Bromide),  and  purified  by 
GeneClean®IIKit (purchased from MP Biomedicals). Digestion was performed according 
to manufacturers’ recommendations, where 0.5 µg of the cDNA fragments were digested 
with restriction enzymes MunI and BcuI (purchased from Fermentas), and incubation in 
Tango  Buffer  for  3h,  37°C.  The  cleaved  cDNA  fragments  were  ligated  into  the 
pGTacStEH1-5H expression vector (4250 bp) using Fermentas ligation kit, incubation at 
1h, 25°C’. The cDNA fragments and the expression vector were run on a 1.5 % and 0.7 % 
agarose gel, respectively, to check if the digestion was successful. An aliquot of 3 µl of the 
ligation mix was transformed into 50 µl of electrocompetent  E.coli XL1-Blue cells by 
electroporation at 1.25 kV. The cells were left to recover in 1 ml 2TY-media for 1 h, 37 
°C, 200 rpm. The transformed bacteria cells were grown on LB-agar plates (100 µg/ml 
amp) over night at  37 °C. The transformation was successful and resulted in colonies 
containing the library of StEH1 mutant variants. Two overnight cultures were started on 
the leftover transformation mix, and the cDNA library collected by Miniprep. The cDNA 
concentrations of the two cDNA libraries of mutant variants were measured with Thermo 
Scientific NanoDrop.
     Comment: The cDNA fragments were first amplified with primers PEH-57/PEH-2, 
and digested with restriction enzymes MunI/SacI, under similar conditions as described 
previous. The fragments could not be successfully ligated into the expression vector, so 
the reverse PEH-2 primer was exchanged for PucRev, and SacI was exchanged for BcuI. 
The  purpose  was  to  construct  cDNA fragments  that  differed  more  in  size  and would 
therefore be easier to separate on an agarose gel. 
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Table 1.  Sequences of the  oligonucletotides used as primers in the construction of the focused library of 
StEH1 mutant variants. Codon degeneracy, NDT (N=A/T/C/G; D=A/T/G)

2.2. Library preparation and protein expression 
To ensure coverage of the whole cDNA library,  a  number  of 616 transformants  were 
expressed  and  prepared  for  screening.  All  procedures  were  performed  under  sterile 
conditions in 96-wells microplates. Each transformant was inoculated into 350 µl of 2TY-
media (100µg/ml ampicillin).  On each microplate,  four wells  were left  non-inoculated 
(wells A9-A12) and four wells were inoculated with wild-type StEH1 (H9-H12). Note that 
in plate 1, the wells inoculated with wild-type StEH1 are F12, G12, H11 and H12. The 
plates were covered with gas permeable adhesive seal film and incubated over night at 
30°C, 200 rpm. From each well, 25 µl of the overnight culture was transferred to a new 
well containing 325 µl of 2TY-media (50 µg/ml amp), and grown for 3h, 30°C, 200 rpm. 
(Glycerol was added to the remaining 325 µl of ONC to a final content of 15%; the plates 
were marked as "orange" cDNA library,  given an identification number,  and stored at 
-80°C). 
    Expression  was  induced  after  3h  by  addition  of  IPTG  (1mM).  The  plates  were 
incubated over night at 30°C, 200 rpm, and then centrifuged for 1h, 3500 rpm, 4°C. The 
supernatants were removed and each pellet resuspended in 75 µl of BufferA (10 mM NaPi 
pH7, 0.2 mg/ml egg white lyzozyme, 5mM MgCl2, and 0.2 mg/ml DNaseI from bovine 
pancreas. The plates were stored at -80 °C before screening.

2.3. Screening
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Primer Manufacturer Sequence

PEH-57
Thermo 

Scientific
5´ - TT GCT CCA ATT GGT GCT AAG TCT GTT CTT AAG 
AAA NDT TTG ACA TAC CGC GAT CCT GCA CCA NDT 
TAT TTT CCT A - 3´

PEH-2
Thermo 

Scientific
5´- TTT TTT ACT AGT AAA CTT TTG AAT GAA GTC ATA - 
3´

PucRev
Thermo 

Scientific
5´- CAGGAAACAGCTATGACC



Only 352  of  the  total  number  of  616  expressed  transformants  were  screened  in  this 
project. The microplates were taken out of the -80°C freezer and thawed at 30°C. To each 
well, 75 µl of BufferA was added and the plates incubated for 1h in 4°C. The cells were 
lysed by freeze-thawing (4 cycles of 16 min at  -80°C and 20 min at  30°C), and then 
centrifuged for 1h, 3500 rpm, 4°C. An aliquot of 25 µl of the supernatant from each well 
was transferred to a new well on transparent microplates (duplicates for each plate). Then, 
25 µl of 10 mM (2,3-epoxypropyl)-benzene in 0.1 M NaPi pH7 and 10 % v/v DMSO 
were  added  to  each  well,  and  incubated  for  10  min,  30°C.  The  substrate  solution  is 
prepared just before use in NaPi buffer pH 7 containing DMSO, to avoid spontaneous 
hydrolysis of the epoxide substrate. Then, 25 µl of 100 mM 2-(4-nitrobenzyl)-pyridine 
(pNBP) in  80/20 v/v ethylene glycol/ethanol  was added,  and incubated for 20 min at 
80°C. The pNBP reacts with the remaining epoxide and thereby quenching the reaction. 
Then, 50 µl of 95.5 % ethanol and 25 µl of 1M K2CO3 were added. The K2CO3  interacts 
with the remaining epoxide and a blue color is obtained.  The absorbance was rapidly 
measured at 570 nm with a microplate-reader spectrophotometer, but due to precipitation, 
the color of each well was monitored manually. The darker the blue color of the solution, 
the more substrate is left unconverted in the well, indicating inefficient mutant variants or 
absence of enzyme.

2.4. cDNA sequencing
The ten most promising hits from the screening were selected mainly by color. The cDNA 
(from the transformant library) of the selected mutant variants were inoculated into 3 ml 
of 2TY-media (100µg/ml amp) respectively, and grown over night at 37°C, 200 rpm. The 
plasmids  were  collected  by  Miniprep  and  the  cDNA concentrations  measured  with 
NanoDrop. The plasmids were run on a 1% agarose gel to check if the samples contained 
plasmids. The sequencing mixtures were prepared according to Uppsala Genome Center 
preparation  instruction  protocol;  totally 18  µl  of  sample,  each  containing  225-450 ng 
double-stranded  plasmids  and  4  pmol  PucRev  primers.  The  electropherograms  were 
evaluated using Chromas software. 
3. Results and Discussion

3.1. Cloning and library construction  
The concentrations of the two collected cDNA libraries were estimated to 122.5 ng/µl and 
19.2 ng/µl, respectively. The difference between the concentrations could have been due 
to problems with the Miniprep solutions. The cDNA fragments amplified with primers 
PEH-57/PEH-2  and  digested  with  restriction  enzymes  MunI/SacI  could  not  be 
successfully  transformed  into  E.  coli  XL1-Blue.  An  explanation  could  be  that  the 
digestion resulted in cDNA fragments of nearly the same size (244 bp and 219 bp in 
length, respectively), which could not be completely separated on the 1-1.5 % agarose gel. 
This  fact  complicated  the  ligation  of  the cDNA fragments  into the expression vector, 
contributing to unsuccessful transformation. After exchanging the reverse primer PEH-2 
for PucRev and the restriction enzyme SacI for BcuI, the cDNA fragments became 455 bp 
and ~50 bp in length respectively, and were successfully ligated into the vector and then 
transformed into E. coli. Though, the expression vector had to be digested several times 
with MunI/BcuI. The digestion problem was probably due to BcuI, or the combination of 
BcuI and the primer PucRev, as there were no troubles detected with MunI/SacI digestion 
in combination with the primers PEH-57/PEH-2. 

3.2. Protein expression 
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After expression of the StEH1 mutant variants and centrifugation for 1h, 3500 rpm, 4°C, 
the wells were investigated for the presence of pellets, see summary in Table 2. There 
were pellets found in all wells inoculated with StEH1 mutant variants, except for well A6 
in plate 1, indicating expression levels in nearly all wells. There were pellets found in 
most  of  the  non-inoculated  control  wells,  indicating  a  leakage  across  the  wells.  The 
leakage  gives  rise  to  a  background  frequency which  further  increases  the  number  of 
transformants that need to be screened to reach full coverage of the whole cDNA library.

Table 2. The pellets found in the control wells after expression. Observe that the wells inoculated with wild-
type enzyme in plate 1 are F12, G12, H11 and H12 instead of H9-H12. 

Microplate Non-inoculated 
A9-A12

wild-type StEH1 
H9-H12

Remaining wells

1 pellet in all wells pellet in all wells pellet in all wells
(except for A6)

2 pellet in all wells pellet in all wells pellet in all wells

3 pellet only in A9 pellet in all wells pellet in all wells

4 pellet in all wells pellet in all wells pellet in all wells

3.3. Screening
Four of the seven prepared microplates were screened (duplicates of each). There were 
several hits indicating  expressed StEH1 mutant variants that catalyzed the hydrolysis of 
(2,3-epoxypropyl)-benzene. Photos of the screened microplates are presented in Figure 4. 
The hits were ranked by color; poor hits ranked as “one plus” (nearly dark blue), good hits 
as “two plus” (light blue), and very good hits as “three plus” (colorless), see summary in 
Table 3. The color of the control wells are summarised in Table 4. The percentage of hits 
per number of screened transformants was estimated to 25 %. At the moment, there are no 
kinetic  parameters  available  for  wild-type  StEH1  with  (2,3-epoxypropyl)-benzene  as 
substrate, but it is known to catalyze the reaction with low efficiency. 
Figure 4. Photos of the screened microplates (duplicates of each plate). Dark blue wells are ranked as poor 
hits, light blue wells as good hits, and colorless wells as very good hits. Wells A9-A12 are non-inoculated 
control wells, and wells H9-H12 inoculated with wild-type StEH1. Note that the wells inoculated with wild-
type enzyme in plate 1 are wells F12, G12, H11 and H12 instead of H9-H12. 
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Table 3. The potential hits from the screening assay ranked by the degree of blue color, where + indicate 
poor hits (nearly dark blue), ++ good hits and (light blue), and +++ very good hits (colorless).

11

Plate
Wells
+ hits

Wells
++  hits

Wells
+++  hits

N.o.
hits
+

N.o.
hits
++

N.o. 
hits ++
+

Hits per n.o. 
screened 

transformants 
(%)

1 C2, D6, D7, 
E4, F4, F5, 
G4, G5, H7

A3, B7, B11, 
C2, C4, G2, H4

A6, A10, C3, 
D4, H9, C11

9 7 6 25

2 C4, D5, G4, 
G7

A3, B10, C10, 
G12

F3, G1, G3 4 4 3 13

3 C6, D4, D8, 
E10, G2, G3

B4, C5, C8, C9, 
C10, D6, F2, 

F6, H6, H7, G7

B3, G6, G8, H4 6 11 4 24

4 A5, A6, B3, 
B5, C5, E4, 

E5, F5

A4, B12, C1, 
D6, D7, E8, F1, 
F12, E12, G1, 
G12 H1, H4

A2, B1, B4, C6, 
D1, D3, F6, D9, 
E2, E11, E12, 

G6, H9

8 13 13 39

Sum 27 35 26 25



Table 4. The color of the control wells. Observe that the wells inoculated with wild-type enzyme in plate 1 
are wells F12, G12, H11 and H12. 

Plate
Non-inoculated 

A9-A12
Wild-type StEH1

H9-H12

1 light blue All wells colorless

2 dark blue H9, H12 colorless
H10, H11 dark blue

3 dark blue H9, H11 colorless
H10, H12 light blue

4 dark blue H9 colorless
H10 dark blue

H11, H12 light blue

The duplicates  of  each microplate  followed the same color  pattern,  indicating that  no 
leakage or contamination had occurred during the screening assay. The colorless wells 
indicate presence of StEH1 mutant variants that efficiently catalyze the hydrolysis of (2,3-
epoxypropyl)-benzene to vicinal diols. The dark blue wells indicate absence of enzyme 
activity,  poor working StEH1 mutant  variants,  enzyme difficult  to express,  or  instable 
mutant variants that decomposes shortly after expression. The mutant variants difficult to 
express could still be efficient with the substrate, but due to lower enzyme concentration 
in the wells, the color indicate only poor hits. After expression, pellets were found in all of 
the non-inoculated control wells (except for A10-A12 in plate 3) indicating expression 
levels.  Despite  that,  nearly  all  of  the  non-inoculated  control  wells  turned  dark  blue 
indicating absence of enzyme activity. Three of the non-inoculated control wells in plate 1 
(A10-A12) turned light blue indicating enzyme activity. This could be due to a leakage 
across the wells during the expression. In the wild-type control wells, pellets were found 
in all wells after expression, indicating expression levels. Despite that, some of the wells 
turned dark blue indicating absence of enzyme activity. This could be explained by the 
fact  that  expression  could  be  more  difficult  to  induce  in  some  of  the  wild-type 
transformants, resulting in lower enzyme concentration in those specific wells. Another 
source of error could be a variance in temperature between the wells during incubation, 
contributing to different reaction rates in the wells. This could lead to different intensity in 
color despite the fact that the mutant variants possess similar efficiency with the epoxide 
substrate. 
     The most important conclusion that can be drawn from the screening assay is that there 
is a clear difference in color between the wells in all microplates, indicating differences in 
catalytic properties between the expressed StEH1 mutant variants. This indicate that the 
amino acids Ile180 and Phe189, which were randomly mutated in this project, are likely to 
play a role in the StEH1 catalyzed hydrolysis of (2,3-epoxypropyl)-benzene. But to find 
out the real catalytic efficiency, each mutant variant needs to be purified and the kinetic 
parameters defined.

3.4. cDNA sequencing
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The ten best hits were sent for sequencing; see Table 5 for the selected mutant variants. 
Recommended concentration of template (225-450 ng double-stranded plasmids) could 
not be reached within all samples, and no bands were visible on the control agarose gel. 
The electropherograms were evaluated in Chromas, but the sequence qualities were so 
poor  that  no  information  could  be  gained  about  the  sequences  of  the  StEH1 mutant 
variants. The poor qualities were probably due to low template concentrations. The cDNA 
concentrations differed between each sample, which also could have been due to problems 
with the Miniprep solutions.

Table 5. The ten best hits selected for sequencing.

Sequence 
sample

Plate Well Amount of template 
(ng)

1 1 C11 221

2 2 F3 141

3 2 G1 160
4 2 G3 242

5 3 B3 270
6 3 H4 155

7 4 D3 187

8 4 D9 304

9 4 E2 147
10 4 E11 181

4. Conclusions
In this project, a focused library of StEH1 mutant variants was constructed using directed 
evolution,  where  Ile180  and  Phe189  were  randomly  mutated  using  NDT  codon 
degeneracy.  The  purpose  was  to  engineer  StEH1  mutant  variants  that  catalyze  the 
conversion of (2,3-epoxypropyl)-benzene to vicinal diols more efficiently than the wild-
type  enzyme,  with  the  long-term  goal  to  create  mutant  variants  that  can  be  used  as 
efficient biocatalysts. Semi-quantitative screening of the focused library indicated several 
potential hits of catalytic efficient StEH1 mutant variants, but any final conclusions cannot 
be drawn until kinetic parameters have been defined. The colorimetric screening assay 
used in this project is a good method for quickly detecting possible hits of mutant variants 
from a  large  number  of  transformants.  Though,  it  only  allows  a  rough  indication  of 
possible  hits.  And also,  due  to  leakage  across  the  wells  during  screening  preparation 
(protein  expression),  the  reliability  is  lowered.  Reducing  the  leakage  would  therefore 
increase the reliability of the screening method. The ten best hits of the screened StEH1 
mutant variants were sent for sequencing, but due to poor qualities, no information was 
gained about the amino acid composition. Ile180 and Phe189 are both closely located to 
the catalytic residues in the active site, approximately on a distance of ~10-12 Å. Mutating 
Ile180 and Phe189 therefore ought to have some impact on the catalytic efficiency of 
StEH1. This appears to be confirmed through the results obtained in this project, based 

13



mainly  on  the  results  from the  colorimetric  screening  assay.  So,  the  most  important 
conclusion that can be drawn, is that Ile180 and Phe189 are likely to play a role in the 
StEH1-catalyzed hydrolysis of (2,3-epoxypropyl)-benzene.
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