
A panel of new thermostable CYP116B self-sufficient cytochrome 
P450 monooxygenases with diverse substrate scope 

Michele Tavanti, Joanne L. Porter, Selina Sabatini, Nicholas J. Turner and Sabine L. Flitsch 

 

The ability of cytochrome P450 monooxygenases to catalyse a wide variety of synthetically challenging oxidation 
reactions makes them highly desirable biocatalysts. The most common P450 catalysed reactions are monooxidation 
reactions (e.g. hydroxylations, heteroatom oxidations or epoxidations) using a single oxygen atom from molecular 
oxygen, with the other oxygen atom reduced to water (Figure 1A). Two electrons supplied by NAD(P)H are shuttled 
following productive interaction with redox partners to enable molecular oxygen activation . Despite their immense 
potential, P450s are plagued by issues associated with poor expression, solubility and stability, particularly in 
recombinant systems[1]. Genomes of thermophilic and hyperthermophilic organisms have been investigated in order 
to discover biocatalysts with desirable properties[2-5], placing a major focus on the heme domain only, while P450 
chemistry depends also on the effective supply of reducing equivalents from redox partners, that need to match the 
stability of the heme domain. Efforts to engineer mesophilic P450s have been done[6,7] but to date, no natural 
thermophilic self-sufficient P450s have been characterised. We have identified, cloned and expressed five new class 
VII P450s (Figure 1B), demonstrating that this new panel of enzymes outperforms the mesophilic homologue P450 
RhF8 in all aspects investigated.  

Thermal stability of the P450s was measured in 
two ways, (Figure 2A) determining the percentage 
of active P450 by formation of the Fe(II)-CO 
complex at 450 nm and (Figure 2B) by monitoring 
the residual activity toward 7-methoxycoumarin. 
Each of the P450s from this study displayed 
greater thermal stability than RhF, which was 
encouraging given the previous issues with 
stability of P450-RhF. In particular AX, TB and TT 
showed significant improvements with increases 
in T50 of greater than 15 °C. Discrepancies 
between the observed T50 values for the residual 
CO binding and the residual activity (Figure 2C), 
can likely be attributed to a less stable reductase 
domain. 
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A diverse substrate scope Whole cell biotransformations of diclofenac 
The newly identified P450s were screened for activity towards a panel of 11 substrates 
and a range of activity was observed including demethylation 4-methyoxyacetophenone 
derivatives, 4-methoxybenzophenone, 4-methoxybenzonitrile, epoxidation, 
hydroxylation, and sulphoxidation (Figure 3). Previously P450-RhF has been shown to 
possess good activity towards diclofenac and produce the human metabolite 5-
hydroxydiclofenac9. In this study P450-AT, AX, JT and TT all displayed better conversions (> 
95 %) to the hydroxylated product than RhF (63 %) under the screening conditions. 
Furthermore in terms of total substrate conversion RhF was outperformed in all cases by 
two or more of the new class VII P450s from this study, with the exception of just α-
isophorone  where no activity was observed with any P450. The sulphoxidation capability 
of AT, AX, JT, TB and TT was demonstrated with methyl phenyl sulphide to give 
conversions of 59, 34, 58, 58 and 21 % respectively to the corresponding sulphoxide. 
Epoxidation activity was also demonstrated using styrene as substrate with conversions 
of 10-20 % to the corresponding epoxide catalysed by AT, JT and TB. 

Diclofenac metabolites are  persistent environmental contaminants but they are not readily available 
for toxicology study or environmental analysis due to the difficult chemical synthesis. Here our initial 
screening experiments suggested that the present thermostable enzymes would be significantly 
better than P450 RhF at catalysing 5-hydroxydiclofenac production. To prove this, we have a 
screened the new P450s in the toolbox at different concentrations of diclofenac and at different 
temperatures (Figure 4). We were pleased to find that increasing the temperature of the AX 
catalysed production of 5-hydroxydiclofenac from 20 to 40 °C with a 10 mM substrate loading led to 
a 100 % increase in product formation. As we aimed to demonstrate the scalability of the P450-AX 
whole cell  

Figure 1. (A) General reaction scheme and (B) Structural organisation of CYP116B P450s where to 
date no thermophilic homologues have been characterised. 
  

Figure 4. Whole cell biotransformations with 1, 2, 
10 and 20 mM diclofenac conducted at (A) 20 °C 
and (B) 40 °C 

Why looking for new P450s? 

Combining thermostability and self-sufficiency 

Figure 2. Thermal stability of P450s determined by (A) the residual CO binding following incubation of soluble cell lysates at elevated temperature for 15 min and (B) the residual 
activity toward 7-methoxycoumarin following incubation at elevated temperature for 15 min with (C) the corresponding T50 values determined from either method.  

Figure 3. Catalytic versatility of the newly discovered panel of thermophilic self-sufficient P450s. 

  P450-RhFa P450-AX 

Substrate loading  

(delivery time) 

1 mM (0 h)  

0.3 mM (8 h) 

0.3 mM (23 h) a 

10 mM (0 h) 

Average productivity  

(g L-1 h-1) 
0.012a 0.51 

Product yield (g L-1) 0.29a 1.6 

Maximum specific activity 
(mgproduct L

-1 h-1 mgP450
-1) 

0.07a 11.8 

biotransformation of diclofenac, the reaction was 
scaled-up linearly from 0.5 to 100 mL with 10 mM 
diclofenac and conducted at 40 °C as before. After 5-
10 h a final product concentration of 5.0 mM (66% 
conversion, 1.6 g L-1) was achieved. Without any 
optimisation, the AX system showed an impressive 42-
fold improvement in productivity and a 150-fold 
improvement in maximum specific activity (Table 1) 
when compared to the previously reported metrics for 
the P450-RhF catalysed whole cell system,[9] making it 
a more suitable system for the production of 5-
hydroxydiclofenac .  

Table 1. Comparison the RhF and AX catalysed production of 5-
hydroxydiclofenac. aValues determined from previously 
published results. [9] 


