
Design of RuBP Derivatives for the Modulation of Carboxylase 
Specificity  
(1 Graduate School of Energy Science, Kyoto University, 2 Institute of Advanced Energy, Kyoto 
University, 3 Integrated Research Center for Carbon Negative Science, Institute of Advanced 
Energy, Kyoto University, 4 Department of Chemistry, Faculty of Medicine, Osaka Medical and 
Pharmaceutical University, 5 Department of Synthetic Chemistry and Biological Chemistry, 
Graduate School of Engineering, Kyoto University,  6 Department of Health and Nutrition, 
Kyoto Koka Women's University,) ○Reem Alkhalaileh,1,2 Surachada Chuaychob,2,3 Masahiro 
Fujihashi,4 Yuta Michimori,5 Yuya Miwa,5 Lin Peng,1,2,3 Eiji Nakata,1,2,3 Haruyuki Atomi, 3,5 Takashi 
Morii 2,6 

 
Keywords: RuBisCO; Carboxylation Reaction; CO2 Fixation; Alternative Substrates; Mutated 
Enzyme  
 
    Ribulose-1,5-bisphosphate carboxylase/oxygenase (RuBisCO) is the most abundant 
enzyme on Earth. RuBisCO plays a key role in achieving carbon neutrality by facilitating the 
reduction of atmospheric CO2 accumulation. While RuBisCO has a low catalytic capacity 
and turnover rate for its specific natural substrate, ribulose 1,5-bisphosphate (RuBP), its 
cofactor-independent carbon fixation reaction makes RuBisCO an attractive candidate for 
further engineering. This research aims to extend the CO2 fixation ability of Tk-RuBisCO 
with substrates other than RuBP.1,2 

      In silico experiments and predictions of Tk-RuBisCO (Thermococcus kodakarensis 
RuBisCO3) demonstrated its thermostable properties, raising the possibility of introducing 
multiple mutations while maintaining the ability to correctly fold and retain the predicted 
structure4. Docking results indicated a disruption of hydrogen bond formation between RuBP 
derivatives and candidate mutants at the active sites. Further efforts are underway to identify 
the optimal mutant and substrate pairs. 
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